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® printed circuit boards 58 


Either type for amateur VHF in Regency, Swan, Standard, Drake, Varitronics, 
Tempo, Yaesu, Galaxy, Trio, Sonar, Clegg, SBE, transmitter or receiver. GE, 
Motorola, RCA or Oven use $4.95. Quotes on others. 

Specify crystal type, frequency, make of equipment and whether transmit or 


receive when ordering. 


BASSETT VACUUM TRAP ANTENNA SYSTEM 
Complete packaged multi-band antenna sys- 
tems employing the famous Bassett Sealed 
Resonators and Balun from which air has 
been removed and replaced with pure 
helium at one atmosphere. Operating bands 
are indicated by model designation. 


MODEL DGA-4075 .... $59.50 
MODEL DGA-204075 .. $79.50 
MODEL DGA-2040 .... $59.50 
MODEL DGA-152040 .. $79.50 
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HIGH ACCURACY CRYSTALS 
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BASSETT VACUUM BALUN 


The famous sealed helium filled Balun... 
employed with the DGA Series Antenna 
Systems. Solderless center insulator and 
easily handles more than full legal power 
while reducing unwanted coax radiation. 
Equipped with a special $0-239 type coax 
connector and available either 1:1 or 4:1. 
MODEL DGA-2000-B ... $12.95 
Postpaid in U.S.A. 
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‘Savoy Electronics Inc. 


P.O. Box 7127 - Fort Lauderdale, Florida - 3330: 
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THE NO-cOMPROMISE ALPHA 77 
MAXIMUM LEGAL POWER LINEAR AMPLIFIER 


LOAFS AT CONTINUOUS MAXIMUM LEGAL POWER IN ANY MODE 

DRIVES EASILY WITH ANY POPULAR EXCITER OR TRANSCEIVER 

KEEPS YOUR SIGNAL CLEAN, CRISP, AND OUTSTANDING 

CHANGES BANDS FAST — WITHOUT ‘CUT-AND-TRY’ TUNE-UP 

STAYS COOL AND WHISPER-QUIET UNDER THE HARDEST USE 

CARRIES THE INDUSTRY’S MOST EXTENSIVE WARRANTY, BACKED BY 
ETO’S RENOWNED FAST FACTORY SERVICE 


@ @ e NOW FACTORY-DIRECT — JUST $1495 COMPLETE! @ ee 


Why not move up to THE ULTIMATE? Call or write for the thoroughly illustrated 
ALPHA 77 brochure, answers to your questions, or an outstanding trade on your 
old gear. 
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* BROOKSVILLE, FLORIDA 33512 
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Two new Heathkit Calculators. 


At left is the totally new Heathkit IC-2009. It’s 
first a self-contained portable, weighing in 
at 11 oz. and small enough to fit in your coat 
pocket. But it’s a desk-top calculator, too. 
The internal Nickle-Cadmium battery gives 
five to eight hours use between charges. Or, 
the IC-2009 can be left connected to its 
charger for indefinite operation. And unlike 
other pocket calculators, the Heathkit IC-2009 
is designed to be maintained by you. Plug-in 
keyboard and display boards, plus a com- 
plete troubleshooting section in the manual 
make it easy — and economical. Add up the 
features for yourself: 8-digit capacity. Four 
arithmetic functions. Full floating decimal. 
Constant key. Chain calculation capability. 
Clear entry key. Entry and total overflow 
indicators. Negative answer 
Battery-saver circuitry. Low battery indicator. 
Tactile-feedback keyboard for positive entry 
indication. Order your IC-2009 now. You’ll 
have it built in two or three evenings. Mail- 
ing weight, 3 Ibs. 


The Heathkit IC-2108 on the right features a 
sleek, low-profile case with bright 1/2” read- 
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indicator. 


out tubes in an 8-digit display — one of the 
largest, most legible in the industry. The 
color-coded keyboard is human engineered 
to slope down to the desk so you can rest 
your arm while using. And the IC-2108 is 
loaded with features: Four arithmetic func- 
tions. Floating and fixed decimal. Constant 
key. Chain calculation capability. Clear dis- 
play key. Entry and result overflow-indicators. 
Negative number indicator. 120/240 VAC 
Operation. In addition, the 1C-2108 is amaz- 
ingly simple to build. Two spare evenings 
will do it. 4 Ibs. mailing weight. 


a eae ea et ee oe | 
Br Schlumberger 
| HEATH COMPANY, Dept. 122-4 | 
| Benton Harbor, Michigan 49022 
[] Please send FREE Heathkit Catalog. | 
| [J] Enclosed is $ , plus shipping : 
| Please send model(s) | 
| Name ) 
Address | 
I city State Zip 
a *Mail order prices; F.0.B. factory. GX-275R | 
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Although any amateur who has worked 
on the high-frequency or vhf bands 
knows that geomagnetic storms can raise 
havoc with radio propagation, new evi- 
dence indicates that these same geomag- 
netic storms are linked to changes in our 
weather. 

Upper air circulations over the Gulf of 
Alaska, which subsequently affect the 
weather over the North American conti- 
nent, tend to become more intense after a 
period of severe geomagnetic disturbance. 
Although evidence of this phenomenon 
was reported over ten years ago, it’s only 
been within the past couple of years that 
the subject has received serious study by 
scientists from the National Oceanic and 
Atmospheric Administration (NOAA) 
and the University Corporation for At- 
mospheric Research, both in Boulder, 
Colorado. 

The studies to date have been based 
primarily on statistical studies — the 
number of high-altitude storms that fol- 
low a period of geomagnetic disturbance 
as opposed to the number of high-altitude 
storms following non-geomagnetic storm 
periods. Although the studies are far from 
complete, all evidence so far points to 
increased high-altitude storm activity 5 
days to a week after a geomagnetic 
disturbance. If more can be learned about 
this storm intensification, it may provide 
a valuable new tool for increasing the 
accuracy of the 3- to 5-day weather 
predictions in the United States and 
Canada. 

Although the cause and effect of 
geomagnetic storm intensification is not 
yet clearly understood, scientists specu- 
late that it may result from geomagnetic 
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modulation of the heat radiated to space 
from the relatively warm Alaskan Gulf 
during the winter. This may trigger the 
formation of cirrus clouds, change the 
ozone content, and result, possibly, in 
increased thunderstorm activity. 

Satellite infrared data which indicates 
such changes during the winter of 
1971/1972 are now being studied to test 
the idea of geomagnetic control of cirrus 
clouds, but further work is necessary. 
However, the study may provide impor- 
tant clues to the physical process by 
which the miniscule direct energy inputs 
from geomagnetic activity in the lower 
stratosphere can cause such large weather 
patterns that affect millions of people on 
the North American continent. 

Once the mechanism of this phenom- 
enon has been clearly understood, it 
suggests a possible way in which man 
might deliberately (or inadvertently) 
modify large-scale high-altitude air circu- 
lation, and hence, the weather. Control- 
ling the weather, like flying and space 
exploration, has long been among man’s 
fondest dreams. All it may take is a small 
amount of man-made magnetic energy, in 
the right amount and in the right place. 

If all this comes to pass | can see it 
now — the skiiers will be lobbying for 
snow, the golfers will be lobbying for 
sunshine, and ecologists will be asking for 
moderation. More important to amateurs, 
perhaps, is that if geomagnetics can be 
used to control the weather, perhaps the 
same sort of technique can be used to 
improve long-distance radio propagation 
during periods of sunspot minimums. 

Jim Fisk, WIDTY 
editor 


MODEL -1230 
RECEIVER 


THE NEW ‘SiVANDARDIOFs 
RECEIVER EXGELEEENCE 


@ SYNTHESIZER STABILITY 
(Better than 1 Hz/day at any freq.) 
@ CONTINUOUS TUNING ( 2-30 MHz ) 
@ TRACKED PRE-SELECTION ON ALL BANDS | 
@ DIRECT DIGITAL READOUT TO NEAREST Hz 
@ PHASE LOCKED DETECTORS FOR AM, FM, FSK 
@ INDEPENDENT SIDEBAND AVAILABLE 


@ ALL SOLID STATE including DISPLAYS 


$3930 


FOR MORE INFORMATION WRITE TO: 


MARKETING DEPT. (SP) 


R A Y 7 H E O N Cc O M. P A N Y GOLETA CALIFORNIA 93017 


AREA CODE 805 967-5511 


More Details? CHECK—OFF Page 110 april 1973 5 


solid-state 
two-meter fm 


rf power amplifiers 


Complete design and 
construction details 

for solid-state 

power amplifiers for 


two-meter fm 


This article describes three solid-state vhf 
power amplifiers designed for use on 
two-meter fm. Since many of the fm 
transceivers now in use are in the one- 
watt class, such as the Drake TR-22, 
Motorola HT-220, and some Standard 
sets, | felt that the greatest need for more 
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Arthur R. Hall, W4CGC, Woodburn Road, Annandale, Virginia Sal 


power would be from the one-watt leve 
to approximately 30 to 35 watts, a powe 
gain of approximately 15 dB. However 
some readers are interested in somewha 
higher input power ranges, so | hav 
included basic designs for 1-watt in 
10-watts out, and 10-watts in, 35-watt 
out. Design and construction details, anc 
tune-up procedures are the same as th 
1-watt in, 35-watts out amplifier discuss 
ed in detail in the text. 

Undoubtedly, more amateurs woul 
attempt to build their own power ampli 
fier if they could be assured of succes 
upon completion of the project. With thi 
in mind, | have included several desigi 
features that will greatly assist in realizing 
this goal, including the use of printed 
circuit inductances, a built-in vswr anc 
relative power indicator to aid in tune-uy 
and operation, and the use of state-of-th: 
art, high efficiency, rugged, yet low cos 
transistors. The manufacturer rates thesé 
transistors for infinite vswr, so yol 
shouldn’t burn them out if your antenn: 
isn’t what it’s supposed to be. 


Although it will not be necessary for 
the builder to do any design work on 
these amplifiers, | will provide a short 
dissertation on the basic needs and tech- 
niques in dealing with high-power vhf 
transistor circuit design. | will also go 
through the complete procedure for de- 
signing the 1-watt input/35-watt output 
amplifier. 


35-watt power amplifier 


This amplifier is a two-stage solid-state 
unit with 30 to 35 watts output in the 


switching network developed by WB4- 
JMD and WB4DRB, and described pre- 
viously.2 

The theory of operation of this switch- 
ing network is as follows: In the receive 
mode all six diodes are non-conducting 
and, as such, present high resistance 
blockage paths. When an incoming signal 
appears at the output of the amplifier, 
CR5 and CR6 block the received signal 
from entering the output circuit of the 
amplifier. The signal travels through the 
two quarter wave RG-174/U coaxial lines 


The solid-state two-meter power amplifier printed-circuit board includes etched inductors for both 
stages as well as a built-in swr bridge (upper left). Transmit-receive switching is accomplished with 
the two coiled quarter-wave lines at the rear of the board. 


146- to 148-MHz range when driven by 1 
to 1.5 watts input. The 1-watt input is 
amplified to approximately 10 watts by 
the first stage, a SD-1198 transistor. This 
stage drives the final, a SD-1197 transis- 
tor, to approximately 35 watts output 
(depending upon how hot the transis- 
tors are). The output power passes 
through a vswr/relative power indicator 
printed on the board similar to the units 
described in a previous article.t From 
there it passes through two switching 
diodes to the output jack. The switching 
diodes are part of an automatic TR 


to the input jack of the amplifier. Since 
CR3 and CR4 are non-conducting they 
do not affect the passing signal. Since 
CR1 and CR2 are likewise non-conduct- 
ing, the signal is thus prevented from 
entering the input stage of the amplifier. 

In the transmit mode, all six diodes are 
in conduction. Diodes CR3 and CR4 
present a near short circuit to ground at 
the junction point of the two quarter- 
wave lines. Since a shorted quarter-wave 
line on one end looks like an open circuit 
on the other end, the line presents a very 
high impedance to the incoming driving 
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power. Diodes CR1 and CR2 are now 
biased into conduction and pass the 
driving power to the amplifier input stage 
relatively unobstructed. CR5 and CR6 
pass the amplified power from the output 
stage to the output jack. Again, CR3 and 
CR4 perform the same function as in the 
input circuit and short out the output 
quarter-wave line, blocking the output 
power signal. 

Since the amplifier is zero biased and 
displays excellent immunity to spurious 


vhf power transistors offer a good com- 
bination of reasonable cost and rugged 
construction while maintaining high per- 
formance in the power range of one watt 
in, 30 watts out. 

After the determination has been 
made to use a certain type of transistor, 
the next step is to decide on what type of 
matching networks will work best. To do 
this, the designer must know the large- 
signal input and output impedances of 
the transistors he has chosen at the 


Se 


Built-in transmit-receive switch uses diodes and quarter-wave coaxial lines (foreground). In this view 
the input stage is on the left, the output stage on the right. The built-in swr pickup line is etched on 


the right-hand side of the board. 


oscillations, there is no need to switch the 
13.6 Vdc supply voltage each time the 
driving transceiver is keyed. This fact, 
along with the solid-state switching net- 
work, yields an rf power amplifier free of 
any switching relays (often a source of 
trouble, particularly at these frequencies). 


design considerations 


Quite normally with any new design 
cost versus performance is one of the first 
considerations. It now appears that the 
Solid State Scientific Company’s 
SD-1198 ($8.45) and SD-1197 ($12.30) 
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intended frequencies and operating power 
levels. Most manufacturers of high power 
rf transistors publish large-signal input 
and output matching information. Some 
companies omit the large-signal output 
real-part values that the transistor should 
be matched to. For these cases the 
designer may use the approximate equa- 
tion: 

ebro: (Vectra (1) 

out 2P, 

Where Vc is the dc input voltage, Po is 
the rf power delivered to the load and 
Rout is the parallel output impedance in 


ohms. For reasons that will be explained 
later, this parallel value, along with the 
output capacitance of the transistor, may 
have to be mathematically transformed 
into an equivalent series value. This can 
be accomplished by the following equa- 
tions: 


R 
p 
Rg = 2 (2) 
s 1+(Rp/Xp) 
R 
2 p 
X, = Rs 5 (3) 


Where Rg is the series resistance, X¢x is the 


as ERE BU oe e 


matching networks 


When the input and output imped- 
ances have been determined, the next 
step is to select the best type of matching 
network for the input, interstage and 
output. The two most commonly used 
networks are the pi and the tee. Theoreti- 
cally, either network may be used, but 
the tee network will produce more rea- 
sonable values of inductance and capaci- 
tance when you're working with low 
values of transistor impedance. After 


SD-1197 


fig. 2. Series input and output impedances of the two transistors used in the two-meter power 


amplifier. 


series reactance, Rp is the parallel resist- 
ance and Xp is the parallel reactance. 
Note that Xp is the transistor output 
capacitance in ohms at the frequency of 
operation. 

Input matching information included 
on the manufacturer’s specification sheet 
will include values for both resistance and 
reactance. Here again, if parallel values 
are given, it may be necessary, in some 
cases, to convert to equivalent series 
values. 

Referring to the manufacturer’s data 
sheets for the two transistors used in this 
amplifier, the input and output imped- 
ances at various power levels are given in 
series values: 


SD-1198 input impedance at 1-watt 
input = 0.8 + 51.0 

SD-1198 output impedance at 
10-watts out = 4.0 - j1.2 

SD-1197 input impedance at _ 10- 
watts input = 0.9 + j1.1 

SD-1197 output impedance at 


35-watts out = 2.2 - j0.1 


selecting a value of circuit Q between 5 
and 10, the L and C reactances for the tee 
network (see fig. 1) are calculated from 
the following formulas: 


X_ = OR1- [x1] (4) 
Xc2 = AR2 + [X2] 
Se eal 


Where: / 
ere no R1 (1+Q2) 4 
R2 


B= R1 (1+ O?) 


When you use these equations to 


fig. 1. Tee matching network with series input 
and output impedances. Design formulas for 
this network are given in the text. 
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design a tee network, there are several 
rules which must be observed: 


1. R1, X1, R2 and X2 must be 
expressed in series form. If they are 
given in parallel form on the data 
sheet, they must be converted to series 
equivalents using eqs. 2 and 3. 


value except to stay within the 5 to 10 
boundary. The designer arbitrarily picks 
the value he wants. It doesn’t have to be 
calculated for this type of use. | picked a 
loaded O of 10 for the input and output 
circuits, and a loaded O of 7 for the 
interstage matching network. 

The circuit for the input matching 


Output tank circuit and swr bridge pickup line. 


2. R1 must be lower in value than R2, 
and X, must “look” into the lower of 
the two resistances. Arrange the tee 
circuit until this condition is met. 


3. Enter X1 and X2 as a positive 
number if inductive; enter X1 and X2 
as a negative number if capacitive. 


At this point a word is in order about 
circuit Q. The QO in this case means the 
loaded O, not unloaded. Experience has 
shown that a loaded O between 5 and 10 
works best in power amplifiers of this 
bandwidth (2 MHz at two meters). Too 
low Q will result in poor harmonic 
reduction and broad tuning. Too high QO 
will produce critical tuning, narrow band- 
width and poor transfer efficiency be- 
cause of the high currents involved. 
Again, there is nothing magical about this 
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network is shown in fig. 3. Since R1, the 
real part of the SD-1198 transistor series 
input impedance, is smaller than R2, the 
50-ohm input impedance, the configura- 
tion of fig. 3 must be used for this 
matching network. Reactance X1 is the 
imaginary part of the transistor input 
impedance. Since there is no reactance at 
the input (see fig. 2) X2 is zero. 

Using the values of fig. 3 and the 
formulas of eq. 4, you will arrive at the 


SD-1198 


fig. 3. Input matching network. 


following reactance values for the tee 
network components: 


Xr, = 7 ohms 
Xoo = 39.24 ohms 
Kea = 8.76 ohms 


The design of the interstage matching 
network shown in fig. 4 follows the same 
procedure. Using the values of fig. 4 in 
eq. 4 will yield the following values for 
the interstage matching network: 


X = 5.2 ohms 
Xoo = 11.6 ohms 
Xei = 11.8 ohms 


The same technique is used to design 
the output matching network shown in 
fig. 5. The reactance of the matching 
network components, from eq. 4, are: 


XxX, = 22.1 ohms 
Xoo = 92.8 ohms 
Gees 27.3 ohms 


The only remaining calculation is to 
convert all of the inductive and capacitive 
reactance values into inductance (in nano- 
henries) and capacitance (in picofarads). 
This is accomplished with eqs. 5 and 6. 


hier 
CO ontX, (5) 

X, (6) 
ho ee 


where C is in microfarads, L is in micro- 
henries, f is in megahertz and 7 is 3.1416. 
Remember that there are 10© picofarads 
in one microfarad, and 10° nanohenries 
in one microhenry. 

The complete two-meter power ampli- 


SD-1198 SD-1197 
Spa Ld ea j j= = See SS 
xe ' x x x1 
-1.20 c2 L 
peo ais 
rR2 RI 


fig. 4. Interstage matching network. 


fier with matching networks is shown in 
fig. 6. Note, however, that the required 
inductance values are very small. There- 
fore, printed-circuit inductances are one 
of the most practical ways to obtain the 
required values. The graph in fig. 7 shows 
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fig. 5. Output matching network. 


the inductance of 0.1- and 0.2-inch cop- 
per strips on G-10 epoxy printed-circuit 
boards. The required length does not have 
to be laid out in a straight line, but can 
be etched in a loop as was done in the 
completed amplifier shown in fig. 8. 
When the printed inductances are etched 
as loops, the total length is measured on 
the center line of the copper strip. 

Although the inductance and capaci- 
tance values shown in fig. 6 will be 
accurate in an ideal amplifier where ail 
stray inductances and capacitances are 
eliminated, such will not be the case ina 
practical amplifier because, alas, we do 
not live in an ideal world. Because of the 
inherent strays, even in the best designs, 
the actual inductance and capacitance 
values will vary somewhat. That is why 
you must use variable capacitors in all 
three matching networks. 


parasitics 


When designing an rf power amplifier 
you must minimize the possibility of low- 
or high-frequency parasitic oscillations. 
Parasitic and spurious oscillations can be 
controlled by observing several important 
rules of thumb: 


1. The impedance of the base-emitter 
choke should be no more than 50 
times, and no less than 5 times the 
large-signal input impedance of the 
transistor. 
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10 201830 
INDUCTANCE (nH) 
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fig. 7. Inductance of 0.1- and 0.2-inch copper 
strips versus length. This graph may be used to 
determine the length of etched inductors on 
printed-circuit board (1-ounce copper). 


2. The impedance of the rf choke in 
the collector circuit should be no 
greater than 10 times the large-signal 
output impedance of the transistor (10 
times the load impedance seen by the 
transistor at the fundamental frequen- 
cy or the lowest frequency of oper- 
ation). 


3. It is a good idea not to use a ferrite 
rf choke in the dc collector circuit due 


fig. 6. Basic design of 
the two-stage rf power 
amplifier. 


The 0.1-uF capacitor should be as 
small as possible with the shortest 
possible lead lengths. 


If you are designing a two or more 
stage power amplifier, a husky ferrite rf 
choke should be installed between the 
stages in the power supply line with 
adequate bypassing to ground. In ex- 
tremely tough cases of spurious oscilla- 
tion, a carbon resistor from base to 
ground may help. Its value should be no 
more than 50 times, or no less than 5 
times, the large-signal input impedance of 
the transistor. 

The use of a metal shield which 
isolates the input and output circuits will 
sometimes increase power output by re- 
ducing degenerative feedback. Finally, 
when you are designing an rf power 
amplifier, try to use the newest transistor 
types available. They may cost a bit 
more, but the results will be well worth 
it. 


heat sinks 


A good, conservative rule of thumb for 
proper heat sinking is to use a heat sink 
capable of dissipating as much or more 
power than the amplifier produces. Sili- 
con heat-sink grease should be used be- 
tween the transistor header and the heat 
sink to insure maximum power transfer. 

Use caution when tightening a transis- 
tor to its heat sink because the metal used 


RFC2 


Q2 
SD-1197 


to the possibility of the ferrite saturat- 
ing and turning the stage into a block- 
ing oscillator. 


4. Use three separate bypass capacitors 


on the B+ supply lead consisting of 
10-uF, 1-uF and 0.1-uF capacitors. 
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in the threaded studs of most rf power 
transistors is very soft and can be easily 
twisted off if you use too much torque. 


construction 


The two-meter rf power amplifier 
shown in fig. 8 is built on a G-10 epoxy 


RFC3 


! Q! 
SD- 1198 


CR4 
IN4148 


CI-G3 15 to 115-pF trimmer (Arco 406) 

C4,Cé6 

C2,C5 4 to 60-pF trimmer (Arco 404) 

C7,C8 0.1 UF, 50 V (Erie 8121-050- 
651-104M) 

c9,C13 1 UF, 50 V (Erie 8131-050-651- 
105M) 

C10 35 UF, 25 V electrolytic (Sprague 
TE-1208) 

Cri .001 (MF feedthrough (Allen- 


Bradley FA5C-102W) 


) ~/4 RG-174/U 


+13.6VDC 
a 
co + 


VSWR 


PICKUP LINE 
CR7 


IN4I48 FORWARD 


CR8 
IN4148 


CR6 
IN4148 


30-35 W 
146-148 MHz 


CR1-CR8 1N4148 (Texas Instruments) 
L1 7.6 nH printed inductor 

L2 5.6 nH printed inductor 

L3 23.9 nH printed inductor 
Ql SD-1198 

Q2 SD-1197 

R1 10 ohms, %4 watt, 5% carbon 
R2 33 ohms, % watt, 5% carbon 


RFC1,RFC2 4 turns no. 18 on 470-ohm, 2- 
watt, carbon resistor 

RFC3,RFC4 ferrite choke 
VK-200-10/3B 


(Ferroxcube 


fig. 8. Complete two-meter power amplifier with etched inductors, etched vswr/power indicator and 
solid-state TR switching. The two quarter-wave RG-174/U coaxial lines are each 14-3/16”’ long. 


printed-circuit board with printed induc- 
tances and a printed vswr and relative 
power indicator.* The vswr and relative 
power indicator is similar to one previous- 
ly described.1 The use of a printed-circuit 
board allows the builder to produce a 
reliable power amplifier as close to the 
original design as possible with a mini- 
mum potential error. 

The shield partition between the stages 
is made from 0.010-inch copper or brass, 
and is laid out as shown in fig. 9. The 


*Completely etched and drilled printed-circuit 
boards for these amplifiers may be obtained 
from Artronics Company, Box 462, Merrifield, 
Virginia 22116. The board for the 1-watt 
input/35-watt output amplifier is priced at 
$13.50; boards for the other two units are 
priced at $11.50, each, postpaid. 

The power transistors and other components 
for these amplifiers are available from Almo 
Electronics, Roosevelt Boulevard and Bluegrass 
Road, Philadelphia, Pennsylvania 19114. The 
price for the SD-1198, 10-watt power transistor 
is $8.45; the SD-1197, 35-watt power transistor 
is priced at $12.30. 
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heat sink is a 6-inch section of Wakefield 
640 heat-sink extrusion, or equivalent. 
Start construction by trimming all 
transistor leads to 3/16-inch long. Lightly 
tin the area of the PC board where the 
transistor leads and variable capacitors 


a1 ok 


fig. 9. Layout of the copper or brass shield 
partitions used between stages (two required). 


will be installed. Bend all variable-- 
capacitor leads at the mid-point of the 
cutout slot. This will keep the adjustment 
screw from shorting out to ground after 
the capacitor is installed. 

Install both transistors and solder 
them securely in place. Sweat solder the 
two shield partitions in place, and sweat 
solder the two .001-uF feedthrough cap- 
acitors in place and cut off the protruding 
lug on the heat-sink side of the PC 
board. 

Now install the rf chokes, base re- 
sistors, bypass capacitors and switching 
diodes, including the two used in the vswr 
indicator. Install the 33-ohm resistor in 
the vswr circuit. Install the six variable 
capacitors and adjust C1 and C6 to 
maximum capacitance. Instali the two 
quarter-wave RG-174/U coaxial lines. 

Attach the printed-circuit assembly to 
the heat sink using Dow silicon heat-sink 
grease (or similar). Use caution when you 
tighten up the transistor stud nuts, as 
mentioned previously. 


tuneup 


Temporarily connect two short coaxial 
cable leads (RG-174/U) to the input and 
output points of the amplifier. Connect 
the output lead to a good non-reactive 
50-ohm dummy load such as a Bird 
Termaline®, or perhaps, a Heath Can- 
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tenna. Do not use a light bulb as it is too 
reactive at this frequency. 

Connect the input to a_ suitable 
146-148-MHz driver with 1 to 2 watts 
output. Connect the B+ lead through a 


' 7-amp quick-blow fuse to preferably a 


variable power supply. Connect a volt- 
ohmmeter (5 mA range) between the 
vswr feedthrough capacitor nearest the 
output transistor and ground. Slowly 
raise the supply voltage to approximately 
10 to 11 volts. If there is no indication on 
the meter, a more sensitive range may 
help. 

During initial tuneup it may be easier 
to monitor the dc ammeter on the power 
supply and tune for maximum current, 
up to about 4 amperes. By that time 
there should be an indication on the rf 
power output meter. From this point on 
all adjustments should be for maximum 
indication on the rf output meter. A 
reading of approximately 4 mA will 
indicate maximum rf power output of 30 
to 35 watts. This should pull 5 or 6 
amperes from the dc power supply. 

The completed rf power amplifier can 
be installed in a Minibox or similar 


enclosure with the heat sink installed on 
the outside. Two test jacks may be 
brought out of the cabinet for monitoring 
vswr and output power. The 13.6-volt B+ 


Closeup of 35-watt output stage shows con- 
struction simplicity that results from using 
printed-circuit inductors. 


lead should be in series with a switch and 
a 10-amp quick-blow fuse to your auto- 
mobile battery or other power supply. 
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C2,C4 4 to 60-pF trimmer (Arco 404) 
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fig. 10. Single-stage rf power amplifier for 
1-watt input, 10-watts output or 10-watts 
input, 35 watts output. The two quarter-wave 
RG-174/U coaxial lines are each 14-3/16”’ long. 
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A discussion of 
the operating 
characteristics 
of simple 
vertical antennas 


for 40, 80 and 160 


On the 40-, 80- and 160-meter amateur 
bands, a vertical radiator is superior to 
the horizontally-oriented dipole. It gives 
omni-directional coverage with extremely 
low radiation angles when anchored in 
the earth, which will provide excellent 
long-range communication and good sig- 
nal strengths at short range.! Further, if 
properly constructed, it will provide full 
band, low vswr coverage over the three 
amateur bands. 
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the vertical radiator 


balanced horizontal radiator 


The balanced horizontal radiator sys 
tem is one of the most common system 
in use. If a half-wave dipole antenna i 
horizontally oriented in space, free of al 
other objects, the radiation pattern is lik: 
a doughnut at right angles to the axis o 
the dipole wire. However, if the dipole i 
situated near the earth (quarter wave 
length or less), the ground reflected ra‘ 
cancels most of the direct ray of radiatioy 
at lower vertical angles. Only the highe 
angles are propagated with appreciabl 
amplitude under these circumstances. 

If the dipole is oriented about a hal 
wavelength above the earth, the radiatio: 
pattern has two fairly broad major lobe 
at right angles to the wire in the vicinity 
of 25-359 above the horizontal. To re 
duce the major lobe to 10-20° the dipol: 
has to be elevated to approximately on 
wavelength above the ground. Dipole 
have little radiation below 15° in an) 


direction if less than one wavelengtl 
above poor earth. 
A typical half-wave dipole for 8 


meters would be about 125 feet long. If i 
were made of no. 10 wire (0.1-inct 
diameter) it would have an extremel\ 
high characteristic impedance (over 200( 
ohms): This would make an efficier 
radiator at resonance; however, due to It 
high characteristic impedance, it woul 
have a very narrow operating bandwidth 


If the two halves of the dipole could be 
made into a multiwire cage about one 
foot in diameter, the characteristic im- 
pedance would be approximately halved 
and the bandwidth increased proportion- 
ally. 


unbalanced vertical radiator 


If, instead of a balanced dipole, an 
unbalanced system fed by unbalanced 
coaxial cable were used, and further, if 
the outer conductors of the coaxial cable 
were unbraided into a plane at right 


RELATIVE POWER 


fig. 1. Radiation pattern of the vertical mono- 
pole antenna. The pattern is omnidirectional 
for heights of 1/4, 1/2 and 5/8 wavelength 
when an adequate ground plane is used. 


angles to the center conductor, an unbal- 
anced radiator would result. This form of 
radiator is known as a monopole or 
unipole. If the center conductor is verti- 
cally anchored in the earth it becomes 
known as a vertical monopole, for obvi- 
ous reasons. If the length of the center 
conductor is made an electrical quarter- 
wavelength long and the plane of outer 
conductors is also made one-quarter 
wavelength, it becomes a very efficient 
omnidirectional radiator at low vertical 
angles. 

When the center conductor is about 
one-quarter wavelength, the vertical pat- 
tern is quite broad and extends from near 
10° to about 50° at the half power 
points with the peak radiation at about 


25° above the horizontal. When the 
length approaches 1/2 wave, the vertical 
pattern is concentrated between 30° and 
near 5°, with the peak of radiation near 
15° above the horizontal. At 5/8-wave- 
length, the lobe is concentrated between 
zero and 20° with the peak radiation 
about 8° above the horizontal. Addition- 
ally, at this height there is a small 
high-angle lobe near 60°. 

At lengths in excess of 5/8 wavelength 
the low-angle lobe diminishes in ampli- 
tude and the high-angle lobe increases 


RELATIVE POWER 


fig. 2. Radiation pattern of the horizontal 
dipole antenna. Pattern at right angles to the 
wire for heights of 1/4, 1/2 and 1 wavelength 
over a good ground. 


until, at a height of one wavelength, the 
low-angle lobe disappears altogether and 
the high-angle lobe is at a maximum. See 
figs. 1 and 2 for a comparison of the 
vertical pattern of a typical vertical radi- 
ator and a horizontal dipole. 

If the vertical (center) conductor is 
small in diameter with respect to its 
length, its characteristic impedance would 
be a high value. Typically, a quarter-wave 
vertical conductor at 80 meters, made of 
63 feet of no. 10 wire, would exhibit a 
characteristic impedance of over 1000 
ohms. On the other hand, if the vertical 
conductor were to be made of a metal 
pole, 1 foot in diameter (30-inch dia- 
meter triangular tubing tower is the 
equivalent), it would have a characteristic 
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impedance near 500 ohms. (This is about 
one-fourth the characteristic impedance 
of a thin dipole.) This would result in a 
much broader bandwidth characteristic 
and allow the use of the radiator through- 
out an amateur band without appreciable 
variation in its electrical characteristics. 
The bandwidth available for efficient 
operation is proportional to the radiating 
conductor's diameter to length radio. 


ground plane 


Other factors which affect the effi- 
cient operation of a radiator are the 


Control box located at bottom of the tower. 
The geared motor on the right drives the 
voltage-variable capacitor which is nearly hid- 
den by the two toroid inductors. The circuit for 
the control box is shown in fig. 3. 


ohmic (rf) resistance of the system and 
dielectric losses induced by material of 
lossy characteristics between the two 
halves of the radiator. No one in his right 
mind would erect a dipole and then 
surround one of the two elements with 
several inches of lossy material such as 
grass, soil or clay! Ridiculous? Not at all! 
For years the designers of vertical radia- 
tors have been burying the outer con- 
ductor extension of the unbalanced verti- 
cal system in the earth “‘to get a good 
ground.” 

A good ground we do not want. A 
large plane of highly conductive material 
that the vertical radiating member can see 
without intervening lossy dielectric /s 
what is needed! The current must flow 
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between the two halves of the system 
without lossy material in the intervening 
space, and charge the medium that will 
carry the signal outward. The /dea/ outer 
conductor extension would be a contin- 
uous plane, at least one-quarter wave long 
of metal of high conductivity that would 
completely hide the earth in the near 
field (most model studies are made this 
way). Since this approach results in rather 
poor economics at the lower amateur 
frequencies a mat of mesh wire and/or a 
radial wire system, extending outward 
one-quarter wavelength in as many direc- 
tions as the budget and available space 
will allow, will provide an adequate outer 
conductor extension of the unbalanced 
system. However, the mesh/wire should 
not be buried deeply. 

Since the typical amateur’s backyard 
location of an antenna system must be 
available for other purposes, as a compro- 
mise the radials may be placed into the 
sod of the grass, as shallow as is possible. 
They should not present an obstacle 
course, nor should they be buried so 
deeply that part of that expensive an- 
tenna power is used in warming the back 
yard. 

How extensive should the _ outer- 
conductor extension plane be made? 
First, let's review the things not to 
do. It should not be made by merely 
connecting the bottom of the vertical 
member to several rods driven into the 
earth to get a good ground. Five ground 
rods 6-feet long (or three ground rods 
10-feet long) connected to the tower base 
is good lightning insurance, however. 

The extension plane need not be made 
one-quarter wavelength long in all 360° 
directions of the radial system. If an 
omnidirectional pattern is a requirement 
it should be about )/4 in all directions 
but this is not mandatory if some pattern 
distortion is permissible or desirable. The 
individual wires need not be of large 
diameter if there are enough of them to 
satisfy the area and conductivity require- 
ments indicated below. 

Now, let’s think of some of the things 
that should be done. The outer conductor 
extension place of the unbalanced vertical 


radiator should be made of material that 
has high conductivity. Also, between the 
base of the vertical and the extension 
plane the connecting conductors should 
be made of many large cross-section wires 
to reduce the chance of losses in this 
high-current part of the system. 

The extension plane should have an 


near the tower base (10 to 15 feet out) to 
augment the radial wires. 

If the radial wires are spaced not more 
than 0.1 wavelength at a distance of \/4, 
they will intercept about 95% of the 
energy (16 radials meets this require- 
ment). This is not a perfect design but 
will provide a good extension plane for 
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fig. 3. Electrical control system for the 40- and 80-meter vertical antenna. Microswitches S1, S2 and 
S3 are limit switches actuated by the motor system, which control the pilot lamps. R1 and R2 are 
pilot-lamp current-limiting resistors. R3 controls maximum motor speed. The motor is a 24-volt unit 


geared down to drive the vacuum variable capacitor. 


area (total) approximately equal to the 
area of the vertical member. To build a 
capacitor with several square units of area 
on one plate and a single square unit of 
area on the other would not be good 
practice. A radiator is an L-C circuit; the 
length of its elements provide the induc- 
tance and the area of its members provide 
the capacity. Therefore, they should be 
roughly equal in area and length. If 
necessary, use wire matting (fence wire) 


the outer conductor. If the mesh mat is 
made of fence wire of the type that has 
each crosswire welded to the longitudinal 
wires it will provide a high capacitance at 
the base of the vertical radiator. 

If some directivity is desired it may be 
concentrated in one direction both in 
length and spacing. Do not overdo the 
length, however. There is a point of 
diminishing returns beyond 3/8-wave- 
lengths long.’ 
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Excellent results can be obtained by 
using multielement, multiband, rotatable 
beams on 20 meters and above, especially 
if they are mounted on top of a tower 
that gets them far enough above the earth 
for low angle radiation (50 to 6O feet). 
They can be purchased or constructed at 
a nominal price. Also, they can be made 


The W40@Q vertical-tower antenna system that 
covers all bands, 80 through 10 meters. 


rugged enough to withstand rather heavy 
weather. 

For the lower frequencies it is nearly 
impossible to get a large enough beam, 
with rugged characteristics, up a_ full 
wavelength in height for low-angle radia- 
tion, without excessive expenditure of 
funds and effort. 

These are the reasons that this article 
is directed toward the use of the vertical 
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radiator on 40 meters and lower. Further, 
the use of a beam supporting tower for 
the vertical member of the radiator is 
recommended as a bonus with minimum 
additional expenditure. 


base impedance 


There are many charts which show the 
characteristic impedance, as well as the 
resistive and reactive components, for the 
ungrounded vertical radiator when fed at 
the base. However, there are several 
reasons why the ungrounded vertical radi- 
ator is impractical for use by the radio 
amateur. For one thing, any static level 
and/or lightning strokes in the vicinity 
would channel this collected energy 
directly to the equipment to which it is 
connected. Also, any use of the tower for 
other purposes, such as for mounting hf 
or vhf beams, would require all the cables 
to be routed through a decoupling device 
at the base so that these cables would not 
short out the base insulators. The tower 
would almost certainly have to be guyed 
in order that too much stress will not be 
placed on the base insulators. 

Whether the tower is ungrounded or 
grounded, towers that require guys 
should be insulated from metallic guys. 
These guys must be broken up with egg 
insulators into non-resonant lengths to 
reduce pattern distortion. Non-conduc- 
tive guys of polypropalene are relatively 
invisible to rf at high frequencies and are 
reputed to be quite strong and inexpen- 
sive. Nylon stretches too much to be 
considered for use in tower guying. 

Also, whether the tower is guyed or 
unguyed, any rf and control cables from 
the beams down to the base, should be 
routed inside the tower structure all the 
way to the bottom to reduce pattern 
distortion. Additionally, they should be 
routed underground a few inches from 
the tower base to the operating position. 
Here is a good place to use that lossy 
earth. It will attenuate any rf on the 
outside of the cables. This will also assist 
in TVI reduction. 

There are few charts available for feed 
impedance versus tower heights for the 
grounded tower vertical radiator. A\l- 


though there are too many variables in 
such a system to make an accurate 
prediction of the feed impedance some 
generalities can be stated. 

A grounded-base tower can be easily 
shunt fed by the use of either the delta-or 
the gamma-type feed system. The delta 
system will radiate a little and distort the 
radiation pattern. Therefore, it is not 
considered practical. The gamma system 
is an excellent choice for shunt feeding 
the grounded radiator. Its feed impedance 
can be adjusted by changing the length of 
the vertical member. It can also be 


able 1. Typical resistance and reactance values for various 
2ngths of gamma rods and vertical antennas. 


tower gamma 
height length resistance reactance 
wavelengths) (wavelengths) (ohms) (+j ohms) 
0.25 0.1 5-10 200-300 
0.5 0.2 40-80 700-1000 
0.5 0.25 over 500 over 1000’ 


ote: The above readings were made with a fence-wire 
round mat (two lengths, 100-feet long by 3-feet wide). 
‘he tower height was varied from 22 to 54 feet (a 
-element tri-band quad mounted on top). Another 
ower, ground plane or beam setup will have a different 
eed-point impedance but it should be near those figures 
sted above. 


adjusted a small amount by changing the 
diameter and spacing of the gamma rod. 
In all cases where the gamma rod is less 
than one-quarter wavelength long, it will 
show inductive reactance. This reactance 
can be cancelled by a series variable 
capacitor. Typical R + jX readings for 
various lengths of gamma rod and vertical 
antenna heights are given in table 1. 

From table 1 it becomes obvious that 
a gamma length too near one-quarter 
wavelength is to be avoided, especially if 
the vertical radiator is near one-half wave. 
At the other extreme, if the gamma rod is 
much shorter than 0.1 wavelength and 
the tower is well below one-quarter wave 
high, the feed-point resistive component 
may be so low that transformation to the 
coaxial-line impedance may be difficult. 

If all three lower frequencies available 
to the amateur are to be used on one 
vertical antenna, it is recommended that 


the two higher frequencies be used with 
one gamma rod, and that a second gamma 
system be provided on the opposite 
(physical) side of the tower to reduce 
reaction between them. This second gam- 
ma system can be made physically longer 
on the tower than the other one which 
will increase the resistive component. 


measurements and matching 


After the gamma matching system has 
been installed the measurement of feed 
point reactance and resistive components 
can be accomplished by use of a com- 
mercial or home-made rf impedance 
bridge.2 Once the electrical characteris- 
tics on each amateur band have been de- 
termined, the design of the reactance 
cancellation and _ resistance matching 
transformation to the coaxial feed imped- 
ance can be solved by the use of a 
graphical technique.3 This technique re- 
quires no more exotic tools than a 
straight edge, a compass and graph paper. 
The mathematics required will not exceed 
simple arithmatic. Every amateur interest- 
ed in antenna work should add _ this 
valuable set of tools to his experience and 
knowledge. 

Next month | will present some prac- 
tical solutions to the construction of 
the vertical radiator and its ground plane. 
The use of the rf impedance bridge and 
solution of impedance matching by use of 
the graphical method will also be shown. 
A practical control system using a motor- 
driven vacuum-variable capacitor to can- 
cel the reactance will be explained. 
Additionally, a switching system that will 
allow complete remote control of one 
vertical radiator over the 40- and 80- 
meter amateur bands will be illustrated. 
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phasing-type 


Complete 

construction information 
on a simple, 

all-passive 

phasing-type 


single-sideband generator 


Phasing-type single-sideband generators 
described in the literature use active 
devices, either to isolate the phase-shift 
networks from the modulators or as the 
modulators themselves. A few years ago it 
occurred to me that it should be possible 
to build a phasing-type sideband genera- 
tor using only resistors, capacitors, in- 
ductors and diodes and using no dc 
power. This article describes a recent 
version of such a unit. 

Its input requirements are about 3 
volts peak rf across 50 ohms (0.1 watt) 
and a few tenths of a volt of audio across 
about 15 ohms. Output is from an rf 
transformer whose tuned winding can 
drive a vacuum tube or fet directly, while 
a transistor can be driven from an added 
low-impedance winding or a capacitive 
tap on the tuned winding. An attractive 
aspect of the circuit is that it could be 
fabricated as a compact, general purpose, 
sideband generator three-port, since only 
the two rf phase-shift reactors and the 
output transformer depend upon carrier 
frequency. 

Usually, both phase-shift networks are 
designed for infinite impedance loads, 
automatically requiring that tubes or fets 
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ssb generator 


follow. On one memorable occasion 
however, a design appeared for a relative 
ly low-impedance network where th 
input impedances of the transistor load 
were included in the resistive outpu 
branches of the audio phase shift net 
work.! My unit carries this idea to th 
logical conclusion of dispensing with th 
drivers and simply including the imped 
ances of the diode modulators in th 
design and adjustment of the outpu 
branch of the audio phase-shift network 
The rf phase-shift network design als 
allows for the modulator impedance 
Finally, since the diode modulator imped 
ances vary somewhat with rf drive level 
some swamping is used to simplify desig 
and adjustment. 

The result appears in fig. 1. Th 
version shown operates at 10.5 MHz 
Other versions have run at 12 and 7.2! 
MHz. The values shown for the audi 
phase-shift network components ar 
those suggested by van Heddegem. Thi 
values actually used were scaled up a fev 
percent in impedance to accomodate | 
couple of odd precision resistors in m) 
own junk box. The test equipment use 
to build and adjust this circuit consistec 
of a diode rf probe connected to ai 
ordinary vom, a _ low-frequency R- 
bridge? and a receiver with a mechanicé 
filter to verify sideband suppression. 

The method of sideband switching i 
one | have not seen mentioned in print. | 
has the advantage that one side of ever 
modulator input may remain permanent 
ly grounded. The only audio transforme! 
required is the one driving the phase-shif 
network. 


circuit description 


The circuit consists of three sections 
the audio and rf phase-shift networks anc 


the two balanced modulators. The rf 
phase-shift network values are those | 
used, but other builders should be guided 
by what identical precision resistors are 
available. The diode balanced modulators 
are so arranged that both rf and audio 
inputs are single-ended with one side 
grounded. The audio and rf inputs are 
effectively in series, as usual. 

The rf phase-shift network is an ordin- 
ary arrangement of plus and minus 45- 
degree sections, except that an estimate 
of the resistance looking into each mod- 
ulator is made part of the resistive 
branches. To estimate this resistance, 
note that each diode conducts half the 


formance of the audio phase shift net- 
work. They have about 100 ohms react- 
ance at 10.5 Mhz but do not significantly 
affect the rf phase shift, since they are in 
series with a few thousand ohms as well 
as combining in quadrature. Furthermore, 
any effects they have are identical for the 
two modulators, shifting phase slightly 
without changing the 90-degree relation- 
ship. 

If 51 ohm resistors are used in the 
phase-shift networks, the modulator re- 
sistance is swamped by a factor of about 
28, so a 28% error in the estimate of the 
modulator resistance is equivalent to a 1% 
error in the rf phase shift resistor. For 
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fig. 1. Circuit of a passive phasing-type ssb generator which uses no active devices. 


time. With one diode conducting, the rf 
input resistance for each modulator is 
half the balancing pot, 500 ohms, plus a 
few hundred more ohms for the diode 
(varying somewhat with rf drive level) 
plus another 500 to 1000 ohms for the 
load seen at the output winding feeding 
the rf transformer. This load will depend 
on the O of the rf transformer and on the 
load presented by the other balanced 
modulator. You can only guess at these 
values, but a reasonable guess is that they 
will nearly match the roughly 700 ohms 
of diode plus balancing pot, giving an 
estimate of about 1400 ohms. 

The 150-pF bypass capacitors were 
made small to avoid affecting the per- 


this combination the effective resistances 
of the rf phase shifter output branches 
are about 49.2 ohms; the rf phase shifter 
L and C should have this reactance at the 
operating frequency. 

My network was built by making the C 
from a precision unit a little above the 
calculated value in series with a larger 
low-precision unit. The L, a slug-tuned 
coil, was then adjusted so the rf voltages 
across the two phase shifter outputs were 
equal. As a check, note also that each of 
these outputs is about 70.7 percent of the 
whole rf input voltage. There is no reason 
why both L and C should not be variable. 
In that case you can forget about the 
exact modulator impedances as long as 
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the two are built identically, but the rf 
phase-shift adjustment becomes more 
complicated. 


audio phase-shift network 


The audio phase-shift network was 
made of junk-box items. Resistors were 
precision types or a precision type 
shunted by a much larger ordinary resist- 
or. Capacitors were paralleled from what- 
ever was on hand. All R and C values 
were checked on the bridge before being 
wired in. I’ve built three audio phase-shift 
networks by this dead-reckoning method 
(no adjustments) and they all seemed to 
work fine as judged by listening to speech 
while switching sidebands. 

The resistances at the input of the 
audio phase shift network should have a 
ratio of 3.83 with 1% accuracy, but 
actual values don’t matter. | used 5.24 
and 20 ohms because my junk box 
supplied them. Note that the sum of 
these two resistances should be matched 
to the audio driver. A junk output trans- 
former from a midget broadcast set is 
ideal, since it has about the right turns 
ratio to match a medium-mu triode to 15 
or 30 ohms and operating it at this higher 
impedance level will reduce low-frequen- 
cy response below 300 or 400 Hz. Be sure 
neither old vc lead is grounded when 
using such a transformer. 

The important adjustment in this unit 
is to make each output resistive branch 
look like the desired 3900 ohms. Each of 
these resistances is the sum of the trimpot 
resistance and the modulator audio input 
resistance. The modulator resistances will 
be about 700 chms since the modulator 
rf transformer windings have negligible 
audio impedance. This shows that there is 
a swamping factor of about 5 for varia- 
tions in the audio impedance of a mod- 
ulator. 

To insure that the resistance of this 
branch is correct under operating condi- 
tions, disconnect the input end (end at 
the dpdt switch) of each trimpot from 
the audio phase-shift network and con- 
nect this end of the trimpot and ground 
to the R-C measuring bridge. Set the 
bridge dial to 3900 ohms (or whatever 
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the design resistance is for your own 
audio phase-shift network). Turn on the 
rf carrier oscillator to be used with this 
unit. It should be operating at the intend- 
ed voltage, preferably regulated (I’m us- 
ing a 6C4 fed from a VR150). Now adjust 
the trimpot for a bridge null. Repeat for 
the other trimpot and both output 
branches will have the desired effective 
resistance. 

To insure proper combination of the 
two modulator outputs, all coils of the 
output transformer should be closely 
coupled and both sets of modulator 
windings should be identical bifilar wind- 
ings. The easy way to do this, used in the 
unit described, is to wind the output rf 
transformer on a_ high-permeability 
toroid. The bifilar modulator windings 
are made from a slightly twisted pair of a 
few inches of thin magnet wire (cotton or 
silk covering increases your confidence in 
the absence of shorts) closely wound 
around the core. 

The two modulator windings and the 
tuned output winding are all slightly 
spaced from one another so coupling will 
be mainly from flux through the core. 
The numbers of turns indicated in fig. 1 
worked at 10.5 MHz for a nice mystery 
core from the junk box. For your own 
core an easy solution is to use a grid-dip 
meter and the expected tuning capaci- 
tance (add 10 pF or so for strays) to 
discover how many turns are needed on 
the tuned winding. The modulator wind- 
ings are then chosen for the indicated 
turns ratio. 

Another arrangement | have used suc- 
cessfully is a solenoidal tuned winding 
with the two modulators connected to a 
quadrifilar winding made from four wires 
slightly twisted together and wound over 
the solenoid near the middle. A slug- 
tuned form is convenient in this case. The 
turns ratios are not critical. Cup cores are 
nice if you have small, steady fingers. 

Balance pot adjustment also deserves 
some comment. Originally the usual 
1000-ohm pots shown in the diagram 
were used. Later these were replaced by 
100-ohm pots at the centers of pairs of 
470-ohm resistors to ease carrier nulling. 


This required some diode selection, un- 
necessary with the 1000-ohm pots. The 
diodes are 1N270s removed from com- 
puter boards, but any rf germanium diode 
is suitable. 

In this diode balanced-modulator cir- 
cuit an rf bypass is often shown across 
each 1000-ohm balance pot. Such by- 
passes will cause balance to occur far 
from pot center unless the diode back 
resistances are matched or swamped by 
about 50k across each diode. The reason 
is that this rf bypass assumes a steady 
voltage that applies reverse bias to the 
diodes. Since the diodes are in series for 
this bias, they divide it in proportion to 
their back resistances. Unless they are 
well balanced or swamped to equality the 
result is to require an eccentric setting of 
the carrier balance pots. The rf portions 
of the unit should be shielded so that 
balance is unaffected by hand capaci- 
tance. 


sideband selection 


The usual method of switching side- 
bands in a phasing-type sideband gener- 
ator is to reverse the phase of one of the 
audio signals or one of the rf carrier 
inputs. This is not practical when all 
modulator inputs are to be single-ended 
with one side at ground. A dpdt switch 
could be used to reverse the connections 
of one pair of diodes to the correspond- 
ing modulator output winding, but this 
destroys the symmetry of the circuit and 
might degrade sideband suppression. At 
this point in thought | noticed that 
interchanging either the two audio signals 
or the two rf signals would also switch 
sidebands. Obviously, the audio signals 
are the ones to switch. | have never seen 
this method of sideband switching in 
print but assume the experts are aware of 
it. 


results and afterthoughts 


When | built the present unit, the rf 
phase shift C was computed and a fixed 
capacitor wired in; the coil was then 
adjusted to make the two modulator rf 
input voltages equal. The audio phase- 
shift network trimpots were then adjust- 


ed as described earlier and a_voice- 
modulated signal tuned in on a receiver 
with a 3-kHz wide mechanical filter. The 
signal sounded normal. When the side- 
band switch was flipped only a few faint 
glitches were audible, indicating satis- 
factory sideband suppression. As noted, 
the test equipment used on this project is 
too rudimentary to permit any fancier 
assessment of unwanted sideband sup- 
pression. Suppressicn was audibly the 
same on either sideband position. 

Having finished the unit and gotten it 
working, | noticed that I’d forgotten to 
include an audio balance adjustment to 
equalize the contributions from the two 
balanced modulators. In general such an 
adjustment should be included. Don’t try 
to do it by twiddling the trim pots in the 
audio phase shift network. A suggested 
method is about 10k from one of the 
points X to ground and 5k pot plus 7.5k 
resistor from the other point X to 
ground. These resistors should be in the 
circuit with the variable branch set at 10k 
when the trim pots are adjusted. 

The very small adjustment that is 
made to reach exact audio balance will 
not significantly affect the operation of 
the audio phase-shift network. If audio 
balance can’t be reached (poor unwanted 
sideband suppression) look elsewhere for 
the trouble. A test of the audio phase- 
shift network can be made by checking 
that the output voltage at each trimpot 
(end away from modulator) is exactly 
half the voltage across the 3-ohm input 
resistor. 

This unit has been on the air with 
conversion to the 75-meter band, where it 
was reported as sounding like a good, 
normal ssb signal. Of course, it also 
sounded normal, as monitored on my 
own receiver, before it was put on the air. 
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For the most powerful antennas under the sun 


the eR 
2 Meter Fixed Station 


Designed for the man who demands professional standards in 
2 meter equipment. REPEATER LINE fixed station antennas 
are the 2 meter HAM’s dream come true. With everything you 
need for top fixed station performance. ..toughness, efficiency 
and the gain to gain access to distant repeaters with ease. 
Work many stations, fixed or mobile, without access to a 
repeater. 

The right antennas for the new FM transceivers...or any 2 
meter fixed station. 

REPEATER LINE Fixed Station Antennas 

Tough, high efficiency antennas with a long, low radiation. For 
the top signal and reception you want...and the top perfor- 
mance your transceiver’s ready to deliver. 


231 15element high performance 
beam. 17.8 db gain. Coaxial balun. 
Beta Match. Unidirectional. Boom 
length 28’. VSWR 1.5:1 52 ohm 
feedpoint. Extra-strength heavy 
wall commercial aluminum tubing. 


267 Standard 1/4 wave ground 
plane. May be precision tuned to 
any discrete frequency between 
108 and 450 MHz. Takes maximum 
legal power. Accepts PL-259. Con- 
structed of heavy gauge seamless 
aluminum tubing. 


268 For repeater use. Special stacked 4 dipole configuration. 
9.5 db offset gain. 6.1 db omnidirectional! gain. Heavy wall 
commercial type construction. 144 thru 174 MHz. 1.5:1 VSWR 
over 15 MHz bandwidth eliminates field tuning. Extreme band- 
width great for repeater use. Center fed for best low angle 
radiation. DC ground. Complete with plated steel mounting 
clamps. 
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340 3 element high perfor- 
mance beam. 9 db gain. Co- 
axial balun. Special VHF 
Beta Match configuration. 
Unidirectional pattern. 
VSWR 1.5:1. 52 ohm imped- 
ance. Heavy gauge alumi- 
num tubing andtough alumi- 
num rod construction. 


341 8 element high perfor- 
mance beam. 14.5 db gain. 
Coaxial balun. VHF Beta 
Match. Unidirectional. Boom 
length 14’. VSWR 1.5:1. 52 
ohm feedpoint. Heavy gauge 
commercial type aluminum 
construction. 


338 Colinear ground plane. 3.4 db gain 
omnidirectionally. Vertically polarized. 
52 ohm match. Radiator of seamless 
aluminum tubing; radials of solid alumi- 
num rod. VSWR less than 1.5:1. All steel 
parts iridite treated. Accepts PL-259. 


362 SJ2S4 high performance all-driven 
stacked array. 4 vertically polarized di- 
poles. 6.2 omnidirectional gain. 52 ohm. 
May be mounted on mast or roof saddle. 
Unique phasing and matching harness 
for perfect parallel phase relationship. 
Center fed. Broad band response. DC ——____ 

ground. : 


WRITE FOR DETAILS 


For top fixed station performance on 2 metcrsm 
THE REPEATER LINE 


From 
HY-GAIN ELECTRONICS CORPORATION 


P. O. Box 5407-WD Lincoln, Nebraska 68505 


Antennaswith real PUNCH! 
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An instrument 
for measuring 
the phase angle 
between elements 
of vertical 


antenna arrays 


Vertically polarized directional antennas 
are popular for use in the 40- and 
80-meter amateur bands.! Successful 
operation of these antennas depends on 
the phase relationship between antenna 
elements. Described here is an instrument 
that permits phase-angle measurements 
within acceptable limits for aligning such 
antenna systems. 
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rf phase 


R. G. A. Brearley, VE2AYU, and Werner H. Korth, 805 Wake Street, Arvida, Quebec EM 


meter 


Computer studies? have shown tha’ 
satisfactory antenna performance can b¢ 
obtained if the lead-lag phase angles aré 
within +5 degrees of the target (design. 
figure and the current ratios are within +! 
percent of the target ratios. The phasé« 
meter described will perform within these 
limits to 7 MHz. The circuit uses standarc 
components and is easily calibrated wit 
a vtvm and oscilloscope. The circuit alsc 
has inherent lead-lag discrimination.? 

The phase angle, @, by which wave 
form A leads B (fig. 1) can also be 
expressed as a time differential, At. The 
phase meter measures At, which can be 
read in terms of an average dc voltage a’ 
the output. 


functional description 


As an aid to understanding circui 
functions, the truth tables and timing 
diagram of figs. 3 and 4 should be used ir 
conjunction with the block diagram, fig 
2. 

Channels 1 and 2 are identical up tc 
the Exclusive-OR gate. The input to the 
Schmitt trigger is provided by the pickur 
loops, which are not part of the circuit 
but are placed near the applicable an: 
tenna element. The Schmitt trigger 
squares the positive half of the incominc 
sine wave, and its output is fed tc 
flip-flop 1. 

A flip-flop is essentially an electronic 


switch. The devices each have two output 
terminals, one of which is on while the 
other is off. Every negative-going input 
pulse will cause the flip-flops to switch 
state. !f, for instance, output A is on, 
then the next negative-going input pulse 
will switch A off and B on. The next 
negative-going input pulse will then 
switch the device to its original state; i. e. 
A to on and B to off. Thus, if A is the 
output terminal, it will be on for every 
second input pulse, and the input fre- 
quency will have been divided by two in 
the output. Two flip-flops are used in 
series to divide the signal frequency by 
four. The first flip-flop in Channel 1 is 
used to provide gating pulses for each 
NAND gate. 

The Exclusive-OR gate provides an 
output if either A’ or B’ is present, but 
not if both are present or both are absent. 
Therefore its output consists of pulses 
exactly as wide as interval At, or the 
lead-lag angle, @. 

A NAND gate will always have an 
output except when both inputs are 
present. The timing diagram shows that 
for a Channel 1 input leading that of 
Channel 2, NAND gate 1 output will be 
at a constant value, which is that of the 
logic on value. This average dc level will 
be directly proportional to the lead angle 
of Channel 1; it will decrease with in- 
creasing lead lead angle. If, on the other 
hand, Channel 2 input leads that of 
Channel 1 NAND gate 2 output will be 
creasing lead angle. If, on the other hand, 
Channel 2 input leads that of Channel 1 


Top view of the assembled phase meter. 


continuously on, while the average dc 
level of NAND gate 1 will vary with lead 
angle. Thus, the circuit provides a linear 
measurement of the lead-lag angle be- 
tween two waveforms and also allows an 
unambiguous determination of which 
waveform leads or lags in relation to the 
other. 


AMPLITUDE 


fig. 1. Relationship between two sine waves in 
terms of phase angle, @, and time, At. 


circuit details 


The phase-meter schematic is shown in 
fig. 5. A single pickup loop (for sim- 
plicity) is shown connected to the sys- 
tem. The pickup loop acts as a current 
transformer looking into coaxial lines 
terminated in their characteristic im- 
pedance, Zo (R1-R6). Potentiometers 
R20, R21 are used to reduce and equalize 
input voltages to the logic circuits. The 
MC1550G and the 2N2369 operate as a 
combined Schmitt trigger (wave squarer) 
and interface to drive the following TTL 
stages. 

The circuit was originally developed 
for use up to 5 MHz.* As modified here 
it’s not a true Schmitt trigger but will 
produce reasonably square waves to 10 
MHz. Calibration potentiometers R11, 
R12 are used to compensate for unequal 
phase shifts through each channel. 

The frequency dividers and subsequent 
logic circuits must be connected as 
shown, otherwise errors and confusion in 
the phase lead-lag determination will 
result. The output metering points have 
RC filters that respond to the average 
value of the square waves. Various RC 
combinations were tried and did not seem 
critical. The circuit will work without the 
filters, but as a matter of principle it’s not 
good practice to have rf hash floating 
around the chassis. Test switch S4 is used 
to check the operation of the Ex- 
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clusive-OR circuit, and reset switch S5 is 
used to synchronize the channels. 
power supply 


The power supply is important be- 
cause the calibration limits of the phase 


inductive. We used the meter described in 
reference 5 to check a couple dozen 
carbon %-watt resistors to find six suit- 
able 52-54 ohm components. 

The meter has six inputs rather than 
three so that phase angles in the antenna 


(= 
CHANNEL 1 
x NAND GATE 1 
PICK-UP SCHMITT FLIP-FLOP 1 FLIP - FLOP 2 x 
Loops TRIGGER EXCLUSIVE-OR GATE 
A PRIME 
c 
B PRIME 
c 
e) 
8 
Y ayy eZ 
: a NAND GATE 2 
SCHMITT FLIP-FLOP 3 FLIP-FLOP 4 
TRIGGER 
CHANNEL 2 =F 


fig. 2. Functional block diagram. 


detector (Exclusive-OR) circuit output 
are 0.09 and 3.8 volts. Originally an 
unregulated supply was used. During the 
calibration of the meter these limits 
changed with variation in the house- 
current supply. 

Since the power supply is mounted 
externally, the protective diodes are need- 
ed in case of wiring errors. The various 
voltage-dropping resistors ensure equal 
positive and negative voltages on each of 
the triggers and give the approximate 3 
volts needed for the HI inputs of the 
flip-flops and gates. If you wish to use a 
built-in +5 volt regulated supply, then 
only R26 and R27 will be needed. 


component notes and layout 


Details of the pickup coils are shown 
in fig. 6. With the transmitter running at 
40 watts input, sufficient voltage was 
available to drive the meter. Although the 
length of the cables between coils and 
meter is not important, a// cables must be 
the same length. 

It is absolutely essential that the ter- 
minating resistors, R1-R6, are non- 
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power divider could be measured as well 
as those between the antenna elements. 
The meter has two types of input con- 
nectors, which further enhances its versa- 
tility. 

Wiring to the input selector switches 
must be as shown to avoid phase-shift 
errors (see the schematic and the bottom 
view of the chassis). Diode probe circuits 
C1, CR1, R7 (channel 1) and C2, CR2, 
R8 (channel 2) must have leads as short 
as possible. However, the wiring between 
R7, R8 to switch S3 can be 4 inches long, 
unshielded. 

As can be seen in the photos and the 
component layout sketch, fig. 7, most of 
the circuit is on a PC board fitted with 
twelve 8-pin, dual in-line sockets. The 


Input output Input output 

AC E A’ B’ Cc A’B’CABDE 
00 1 00 (0) 0.050) ARO 
Orn 1 00 it 0000000 
10 1 10 1 1 (OS OFS O 
1b al O Lye 0 1° AP OOS aye 
NAND gate 1 exclusive-OR combined logic 


fig. 3. truth table. 


board happened to be on hand and 
permitted about a dozen different varia- 
tions in circuit layout, which accounts for 
the general disorder shown. If the project 
were to be started again, stick-on “Circuit 
Zaps’’ and a perforated board would be 
used. Note that wiring must be as direct 
as possible for the rf circuits. For ex- 
ample, switch S4 must be mounted near 
the flip-flop to which it’s connected. 

Voltage-dropping pots and _ isolating 
chokes are on a separate board and its 
location isn’t critical. Number 26 hook- 
up wire was used throughout, and coax 
was used only at the switches and 
Schmitt trigger inputs. 

Carbon resistors rated % watt should 
be used, because they perform well at 
high frequency. Pots R11, R12, R20, and 
R21 should be carbon. Chokes L1, L2 
aren't critical but are needed to isolate 
the Schmitt triggers. 


initial adjustments 


The only test instruments needed to 
align the phase meter circuits are a scope 
with a 5-MHz bandwidth, an rf probe, a 
Heath vtvm, and an rf signal generator. 


CHANNEL 
4 INPUT 


OD), aig el ree ew ii pe 
TmIGgER. 


TIME (t) 


ESET PULSE 


fig. 4. Timing diagram. In this example channel 
2 lags channel 1 by @ = 90 degrees. Note that 
the average values of C, D, E correspond to 
those in the calibration curve, fig. 8. 


The following procedures should be fol- 
lowed for initial adjustments. 

Before plugging in any devices, turn on 
the power and ensure that the correct 
polarities appear at the various device 
terminals. The power supply used here 


SERS INES 


CALIBRATE 


Top view with cover removed. 


provided +5.8 volts at the input to the 
phase meter circuits. When all devices 
were installed, the voltage appearing after 
the protective diodes was about +4.9 
volts. 

After checking voltages, turn off the 
power, connect the vtvm to the meter 
terminal of S3, and plug in the 7473s and 
the EX-OR gate devices. Adjust R26 for 
3.0 volts at the EX-OR gate HI outputs. 
With S3 at position C and S4 in the 
normal position, the vtvm will indicate 
either 0.09 volt or 3.8 volts, which are 
the LO and HI outputs of the EX-OR 
gates. Pressing reset switch S5 will cause 
the 3.8 volts to decrease to 0.09 volt; or, 
if the reading is already 0.09 volt, press- 
ing S5 will make no difference. Very 
often when the power is switched on, the 
reading will be 0.09 volt and no amount 
of pressing the reset switch will produce 
3.8 volts; this is normal. With switch $3 
still at position C and switch S4 in the 
opposite position, the meter will read 3.8 
volts, and pressing the reset switch will 
have no effect. 

Return S4 to normal and turn S3 to D 
and E, which are the NAND gate outputs. 
Normally 3.8 to 3.9 volts (HI) will be 
found, and no amount of pressing the 
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LENGTHS 


Ss2 
INPUT 
SELECTOR 


FLIP-FLOP 


fig. 5. Phase meter schematic. 


reset button should change this. With S3 
at the opposite position, the meter will 
read the LO of the NAND gate. Note that 
the values of HI and LO depend on IC 
construction and the values mentioned 
here just happen to be what were found 
with these particular devices. If you don’t 
get the above sequence of voltages you've 


32 april 1973 


RI5 


ae S4 TEST 
(SHOWN NORMAL) 


o CIRCUIT 


made a mistake somewhere, and any 
further steps will be just a waste of time. 
Plug in the MC 1550s and 2N2369s and 
adjust the supply voltages by means of 
R22, 23, 24, 25 so that positive and 
negative voltages are equal at the IC 
terminals. 

It’s possible to adjust the instrument 
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at 7.5 MHz, but if difficulties are found 
it’s easier to see where you're going at a 
lower frequency of, say, 1 MHz, where a 
relatively inexpensive scope will give a 
good picture. Hence the following pro- 
cedure is based on 1 MHz, and one 
channel at a time will be aligned. 

With S1 at Input 1 and R20 at 
maximum voltage, connect a signal level 
to produce about 0.2 Vdc on the meter. 


With the scope probe at the output of FF 
2 (pin 13) you may be lucky and see 
some fuzz on the first shot. If not, slowly 
turn R11 one way or another until you 
do. Then increase the frequency slowly to 
7.5 MHz and, if the fuzz disappears, 
readjust the pot until it reappears. Check 
that pressing the reset switch will make 
the fuzz disappear. If the fuzz cannot be 
controlled by the pots, then lower the 
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values of R28 and R29 slightly. 

Repeat the procedure for Channel 2 
with a signal at input 2 and S2 at Input 2. 
Next, put the two channels in parallel via 
S1 and S2, and feed in a signal at 1 MHz 


’ ——— — W00D| (MAST) 2 Fis HIGH 


OST PIE E: 


peg —— SUPPORT INSULATOR 


24 PICKUP COIL SUPPORT, 1/4” PLYWOOD 
[ ATTACHED TO MAST 
PICKUP COIL WRAPPED AROUND 
—o 


EDGE OF 6X8" PIECE 1/4" PLYWOOD 


TEMPORARY O-4AMP RF AMMETER 


NO. 12 ie re 


RELAYS AND TUNING COILS 


fig. 6. Antenna pickup loop details. The pickup 
coil must be in the plane formed by the L of 
the support pipe and the no. 12 wire. 


(the pot setting for 7.5 MHz will also be 
good down to 1 MHz). Adjust R20 and 
R21 for equal voltages with switch S3 in 
positions 1 and 2 and switch S3 to C. The 
reading here will likely be anything up to 
3.8 volts, and the object is to get it as 
close to 0.09 volt as possible. Press and 
release the reset button to ensure that 
0.09 volt is possible. By carefully read- 
justing R11 and R12 the reading can be 
brought down to 0.09 volt. Then, when 
frequency is increased to 7.5 MHz, this 
reading will rise to about 0.18 volt. 
Further adjustment of R11 and R12 will 
bring this down to about 0.12 volt, which 
is at zero degrees of the calibration chart, 
fig. 8. Values of 3.7 and 3.9 volts should 
appear at positions D and E and these are 
also on the chart. If you can’t get C down 
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to 0.12 or 0.11 volt, then something may 
be wrong with metering circuits R20, C1, 
R7. 

The meter is working in every respect 
when the above readings are obtained. 
Input signals as low as 0.05 volt and as 
high as 0.6 volt gave equal phase angle 
readings for a given length of test cable. A 
somewhat annoying feature of the basic 
circuit is that it covers 720 degrees, as 
shown on the timing diagram. This means 
that a phase angle of, say, 30 degrees 
gives a reading of 0.25 volt and also a 
reading of 390 degrees at about 2.05 
volts. Hence, when the zero adjustment is 
made, the meter will occasionally pop up 
to 1.8 volts, and the reset switch must be 
pressed to bring it back to the proper 
value. This causes no ambiguity because 
the D and E readings change accordingly 
and, as will be explained in the next 
section, the sum of any two valid C 
readings must be around 1.88 volts. 


calibration 


The secret is to find six readings that 
correspond to a known lag or lead con- 
dition and plot the data. For example, 
with a signal frequency of 3.8 MHz fed to 
Channel 2 and a cable length of 45 ft. 9 
in. connected between Channel 1 and 
Channel 2, Channel 2 will lead Channel 1 
by 96.5 degrees, assuming a cable velocity 
factor of 0.66. 


table 1. Channel 1 and 2 phase angle as a 
function of calibration voltage. 


test switch 3 meter reading 
position (volts dc) 
Cc 0.55 
1 D 3.34 Channel 2 leads 
Channel 1 by 
96.5 degrees 
E 3.39 
M33 
1.88* 
2 D 2.28 Channel 2 lags 
Channel 1 by 
263.5 degrees 
E 4.03 


*Sum of any two C readings (validity check) 


After adjusting the Schmitt trigger 
inputs to equal values (0.26 volt) and 
momentarily pressing the reset switch, 
the readings in test 1, table 1, were noted. 
Pressing the reset switch four or five 


4, 11 and 23 feet were on hand and were 
combined in various ways to obtain the 
complete calibration curve. From here 
on, all antenna measurements are in terms 
of Channel 2 as reference. Separate cali- 


fig. 7. Component layout. 
Note that the MC1550G and 


R2 
CHANNEL | 


© 


Ral Ri2 
CHANNEL 2 


2N2369 devices are mounted 
in sockets, which in turn are 
soldered to the PC-board 
-mounted dual in-line sockets. 
(Other ICs are for experiments 
presently in progress.) 


times changed the values to those shown 
at test 2, table 1. 

From the timing diagram and the 
magnitude of the HI and LO voltages of 
the EX-OR gate, it is known that a 
90-degree lead will correspond roughly to 
0.5 volt at C, 3.3 volts at D, and about 
3.9 volts at E. The discrepancy at E in 
test 1 (table 1) is annoying but poses no 
difficulty. The values found during test 2 
were about the expected complementary 
values. Note that the sum of the C 
readings is always about 1.88, and this 
fact is used as a validity check at all 
times. 

The six values are plotted on the 
calibration chart, fig. 8. Pieces of coax of 


/ 
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PHASE SHIFT (DEGREES) 


fig. 8. Calibration data for 3.8 MHz. Differences 
between theoretical and measured values of C 
are exaggerated to illustrate the need to con- 
nect points with straight lines. At 7.1 MHz the 
lines for C are similar, while those for D and E 
have the same shape but different values. 


METER 
TERMINAL 


bration curves are needed for 3.8 and 7.1 
MHz. It is important that straight lines 
connect plotted points. Any attempt to 
draw a smooth curve will lead to frustra- 
tion and inaccuracies. Note that curves D 
and E do not give much discrimination 
between lead and lag in the region of +30 
degrees. However, the readings of the 
complementary angles will reveal the 
answer. Sometimes when measuring very 
small angles (+5 degrees) the complemen- 
tary angle couldn’t be obtained. This 
problem was resolved by installing coax 
of known electrical length in series with 
one input, then repeating the measure- 
ment. 


experimental notes 


By feeding power to one antenna at a 
time, with the other antenna detuned, the 
pickup coils were positioned so that the 
voltage measured on the phase meter was 
identical for a given current flowing in 
the antenna. The results of typical cali- 
bration runs are shown in fig. 9. 

To prove out the position of the pickup 
coils, the antenna elements were fed in 
parallel pairs, and nearly equal currents 
and small phase angles were noted. The 
coax cables to the antenna were of equal 
length but were only 0.9 wavelength 
electrically at 7.1 MHz. By increasing the 
coax lengths to 1.0 wavelength, unwanted 
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CURRENT AT ANTENNA BASE (AMPS) 


phase shift due to high swr was elimin- 
ated. With the three antenna elements 
active and the phase shifters and power 
dividers correctly adjusted, the f/b ratio 
(on the air) was 25 dB, which confirmed 
our design objective. Theoretical antenna 
patterns are shown in fig. 10. 
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due to the Schmitt trigger. The circuit 
was examined with the aid of a Tektronix 
scope, and it looks as if the flip-flops are 
another limiting factor. Operation 
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fig. 9. Pickup-coil calibration curves. The rf 
ammeter available was rated 0-4 A, and the 
meter scale was not calibrated in the 0-1 A 
range. Therefore the high-current points shown 
were used to prove system linearity and to 
correctly position the pickup coils. 
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fig. 10. Antenna patterns. Data are shown in 
Cartesian rather than polar coordinates because 
null points are more easily identified. Data were 
piotted with the aid of a computer program 
(reference 2). 


beyond 10 MHz would probably mean 
using a different family of ICs, such as 
the EECL. A PC board would be 
essential. 

If one were to substitute the higher- 
speed TTL devices, the result would prob- 
ably be a more linear calibration curve, 
which would permit the output meter to 
be calibrated in terms of phase angle. 
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sensitive 
rf indicator 


This high-gain 
amplifier circuit, 
when used with 

a DyComm Sniff-It, 
provides a sensitive 
rf indicator — 


the Snuff Box 
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D.L. Sprague, WB9DNI, 78 Paddock Street, Aurora, Illinois 60538 


For some time now DyComm has offered 
an rf probe called the Sniff-It. This small 
black cylinder with a coax tail has proven 
to be quite useful in providing a dc 
current relative to an rf field. The manu- 
facturer’s instructions provided with the 
unit describe specific results of various 
applications, but do not provide general 
specifications such as frequency and pow- 
er response. DyComm also has a very 
tight security rein on the contents of this 
midget marvel. So we approach the device 
as the classical black box. . . cylinder. 

Art Householder, K9TRG, of Spec- 
tronics asked me to design an inexpensive 
relative rf indicator to be used with the 
Sniff-It, and the Snuff Box described here 
is the result of that request. 

The Snuff-Box/Sniff-lt combination is 
a portable rf level indicator useful in 
tracing problems in transmitters or re- 
ceiver oscillator chains. By making the 
coax guide, also described in this article, 
leakage points in coax can be detected. 


circuit description 


The Snuff Box consists of a continu- 
ously variable gain dc amplifier feeding a 
five-volt meter. The gain can be varied 
from 1 to slightly more than 100. A 
MA741_ frequency compensated opera- 
tional amplifier comprises the active ele- 
ment. This device is both reliable and 
inexpensive. Because the 741 is internally 
compensated, an external frequency com- 


pensation network is not required. The 
dual inline package (DIP) was selected for 
the prototype. If desired, the metal can 
package can be substituted. However, the 
pin configuration given in fig. 1 is for the 
DIP only. 

The 741 IC is operated in the non- 
inverting mode to provide a relatively 
high input impedance. The input is pro- 
tected by CR1, is a 5.6 V zener diode. R1 
and R2 form a load for the Sniff-It with 
R1 acting to limit the input current when 
CR1 conducts. R2 was chosen by experi- 
ment as the approximate resistance for 
the desired power transfer. R3 and R4 
form the negative feedback network 
which determines the gain of the op amp. 
Gain is represented by A 


R5 and the 1-mA meter constitute a zero 
to 5 volt meter. The value of R5 is 
selected so that it’s resistance, along 
with the meter’s resistance, will equal 
5000 ohms. There are numerous articles 
available which explain how to determine 
a meter’s internal resistance. The 741 
requires a bipolar power supply. | found 
the simplest to be two matched batteries. 


construction 


In this project, the meter is the prime 
consideration. Small 1-mA meters are 
very common junk box items, as this 
style was a favorite with military design- 
ers for many years. | recommend that the 
meter selected be of the ruggedized style. 
Many portable devices with non-rugged- 
ized meters get quickly returned to the 
junk box! 

Select the box for the meter. The 
prototype was built in a 2 x 4-inch 
Minibox. Layout is not critical. It’s a 
good idea to use a socket for the uA741, 
as unsoldering 14 pins is a pain. 

As purchased, the Sniff-It is not equip- 
ped with a connector. | suggest either a 
phone plug or a BNC type. Both are 
quick disconnect, and provide adequate 
shielding for low levels of dc current. 
However, the BNC is superior for high rf 
fields. 


coax guide 

Take two 3/8-inch cable clamps and 
cut as shown in the photograph. Pop rivet 
or bolt the two clamps together back to 
back, keeping them at right angles to one 
another. The Sniff-It will fit into one, 
leaving the second open to guide along 
RG-58/U coaxial cable. 


operation 


Let’s examine the sensitivity of the 
Snuff Box. With R4 fully shorted, the 


R3 R4 
10k IM 


fig. 1. Circuit for the Snuff Box. DyComm 
Sniff-It is plugged into J1. 


A741 produces unity gain. Therefore, 5 
volts across R2 will cause a full-scale 
deflection of the meter. This means that a 
current of 100 LA is being produced by 
the Sniff-It. Now, with a gain of 100, it 
will take only 1 “A for the highest setting 
of R4 to produce a full-scale reading. This 
sensitivity was sufficient for me to find 
the oscillating receiver crystal in my 
Regency HR-2. 

DyComm’s instruction sheet has many 
suggestions for the applications of the 
Sniff-It. The Snuff Box is ideal for most 
of these applications. 

This unit is an invaluable aid in check- 
ing for rf on power supply leads, leaks in 
transmitter and antenna tuner cabinets, 
or for neutralizing detection. When peak- 
ing tuned circuits in a unit, the Sniff- 
It/Snuff Box is much handier than a grid 
dipper if you are just looking for maxi- 
mum indications, since no tuning is neces- 
sary. 

ham radio 
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The BEST CW /n the world! 


comes from Keyers by 


MEMORY-MATIC 8000 Deluxe Keyer 


The unquestioned leader in the keyer field. Up to 8000 bit easy-to- 
use memory capacity allows storage of up to eight complete mes- 
sage sequences. More features than you’ve ever imagined. The 
contester’s and traffic handler’s dream keyer. 


Complete details in our exciting free catalog. 


MEMORY-MATIC 500B Keyer 


Easy-to-use 500 or 800 bit read/write memory offers complete flexi- 
bility to automate your CW station the modern Data Eng. way. Keep 
up with the winners with this exciting keyer. Send for full details. 


Sh. wt. 4 Ibs. with 500 bit memory $198.50 
with 800 bit memory $219.50 


SPACE-MATIC 21-B 


The Switchable Keyer. It’s up to eight-keyers-in-one. Use the switch- 
es to make this your very own personal keyer, both today and to- 
morrow. Add such features as dot dash memory or adjust spacing 
with the turn of a switch. Completely versatile, completely perfect 
with everything you will ever want. Full details in our catalog. 


Sh. wt. 4 Ibs. $89.50 
CRICKET 1 


At last — a popularly priced IC keyer with more features for your 
dollar than all others in its price range. Fatigue-free sending with 


clean, crisp CW at all speeds. 
Sh. wt. 3 Ibs. $49.95 
FEATHER TOUCH KEY 


Replace that mechanical key with our new electronic key. Go mo- 
dern with Feather Touch the electronic key that detects the mere 
touch of your finger. Develop a truly professional fist. 


Sh. wt. 2 Ibs. $22.95 
adapted to MM-8000 & MM-500B $27.95 


MST-60 


Synchronize your Meteor, Tropo, or Moon Bounce communications 
with WWV for transmission at 15, 20, 30 and 60 second intervals 
with this precision Meteoric Scatter Timer. 


Sh. wt. 2 Ibs. $49.50 
Send for FREE Catalog @ 5 Year Guarantees 


Send today or use ‘‘Check-Off’’ to get our exciting new catalog de- 
scribing the most complete line of electronic keying equipment 
available plus many other exciting accessories for your station. 


FMS-3 
The frequency marker that gives you more. Just right for 
band edge markers for 160 to 10 meter bands. 

Sh. wt. 2 Ibs. $32.95 

(less batteries) 

FMS-5 
Designed specifically for the FMer. This deluxe frequency 
standard allows precise calibration of all receive and trans- 
mit crystals in the 10, 6, 2 and 114 meter FM bands. No 
more off frequency operation with the FMS-5. 


Sh. wt. 2 Ibs. $44.50 
(less batteries) 
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Exciting NEW FM Products 


by 
TOUCH-TONE PAD 


In less than 15 minutes you can convert your portable transceiver 
to Touch-Tone operation. 
Nal Pak KeiComplete Wit ccscccccccecceecccsteter tetisssteaceertescsteesteeosesaeses $34.50 
Miike TOUGK-Tone) Pad © cotati cucsitsteonscsanescormneessnuacnan $44.50 
Assembled in attractive case for home or mobile use. Complete 
PTT operation with one second transmitter hold. Built-in monitor. 
TTP-2K Complete Kit ............. . $34.50 
TTP-2 Assembled _........ $44.50 
MINI-PAD One half standard ed $44.50 


m 
TOUCH-TONE DIALER Kit $34.50 


The electronic Touch-Tone dialer for home and car. It’s safer and 
more accurate to use than a pad. Memory includes Access Code 
plus five phone numbers. Numbers easily updated. Built-in monitor. 
Complete PPT operation with transmitter hold. 

TTD-4K Complete Kit $49.00 TTD-4 Assembled $59.00 


REPEATER ID 


Highly stable oscillator for automatic timing. AC or DC operation. 
ROS provides for more than 25 characters, more than necessary 
for DE “any call’ RPT. AUX is automatically added to ID if de- 
sired when main power is lost. Tone Burst operation available. 
1D-101K P.C. Board Kit $49.95 
1D-101 P.C. Board, Wired and Tested .... . $69.95 
ID-101R Assembled in 114” rack cabinet ..................... $109.00 


TONE ENCODER 


Eight pre-adjusted tones. Duration and Output adjustable. PLL cir- 
cuitry for extreme stability. Choice of continuous or Tone burst 
operation. Tone burst operation requires no batteries. Easy to in- 
stall. Includes three special single or dual tones. 
TES-Ky Gompletee. Kit) cccccecccccsetectsssoresecssscseesssscqueossestnnsestssicrsecnaetiotte $31.95 
TE-8 Tone Burst Encoder (1800, 1950, 2100, 2250, 2400, plus 
any 3 single or dual tones above 1200 Hz.) .................. $39.95 


AUTO-PATCH CONSOLE 


This mobile or home console includes all the features you need for 
complete auto-patch operation. A Touch-Tone Pad; an automatic 
dialer for sending one access code plus five Touch-Tone phone 
numbers; a single/dual tone burst encoder adjusted to your choice 
of frequency above 1200 Hz, and a built-in monitor. Complete PTT 
operation with one second transmitter hold. 

APC-4K Complete Kit $84.50 APC-4 Assembled $98.50 


TONE DECODER 


Versatile single/dual tone decoder. PLL circuitry for extreme stability. 
1 amp output relay can be reset automatically or manually. Monitor 
position. Adjustable sensitivity. Internal strap selects single or dual 
tone operation. 
TED=2Ke Cormplete Kits ier cceccccccctecssectectesverssuccrsnctesenceesseenstenscneeteerorire $31.95 
TD-2 Single/Dual Tome Decoder oie... icccccccsssssessseteescseseene $39.95 
(Specify any freq. above 1200 Hz) 


Ravensworth Industrial Park, Springfield, Va. 22151 
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2-METER PREAMP 


Specially made for both OLD and NEW receivers. The smallest and 
most powerful preamp available. Provides 20dB gain to bring in 


the weakest signals. Sh. wt. 4 oz. $9.50 kit 
$12.50 wired 


PAD-PULSER TOUCH-TONE DECODER 


Now you can also obtain puls- 
ed operation from your Touch- 
Tone Pad. Convert Touch-Tone 
frequencies to decimal pulses 
at 2805 Hertz with just a flip 
of a switch. Option can be add- 


decoder with input protection, 
and PLL circuitry for extreme- 


Output relays, small size, plug- 
in circuit board. All these ma- 


ed to TIP-2/K, TTD-4/K and jor features at an UNBEAT- 
APC-4/K. ABLE price. 

PP-12K P.C. Board Kit $22.95 TTD-12K P.C. Board Kit $89.50 
PP-12 Assembled. ........... $29.95 TTD-12 Touch-Tone Decoder 


$129.50 
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A highly reliable twelve digit 


ly stable operation. Heavy duty 


703-321-7171 


april 1973 41 


simple 
regenerative 


WWYV receiver 


This low-voltage 
WWYV receiver 
tunes from 

A] to°15-5" MHz; 
and is powered by 
one 1.5-volt 


flashlight battery 
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Courtney Hall, WA5SNZ, 7716 La Verdura, Dallas, Texas 75240 


The receiver described here has a fre 
quency range of approximately 4.7 tc 
15.5 MHz; this covers three of the WW\ 
frequencies as well as the 20- and 40 
meter amateur bands and several foreigr 
broadcast bands. Its simplicity and econo 
my are enhanced by the fact that i 
operates from a single flashlight battery 

| chose a regenerative detector becaus« 
it will perform well with a-m, CW, or ssb 
Regenerative detectors use positive r 
feedback to obtain large amounts o 
amplification and very high QO in th 
input tuned circuit. As feedback is in 
creased, O and gain increase until a poin 
is reached where the detector goes int 
oscillation. When oscillating, the detecto 
provides its own bfo signal. All of th 
selectivity is obtained in the single fron 
end tuned circuit, thus cross modulatio! 
and/or intermodulation interference | 
very low because unwanted signals don’ 
reach the first transistor. 


battery power supply 


By designing the receiver to operat 
from a single flashlight cell, a consider 


— Se en ee 


able saving in battery expense has been 
achieved; also, battery changes are re- 
quired much less frequently than if the 
popular 9-volt transistor radio battery is 
used. 

Table 1 shows data extracted from 
battery performance curves in the Burgess 
Engineering Manual, 1967 edition. Only 
ordinary carbon-zinc batteries are shown. 
End-of-life voltage in each case was arbi- 
trarily chosen to be 1.2 volts-per-cell, and 
all data is for continuous discharge at 70° 
ES 

In comparing batteries, the important 
parameter is capacity in  milliampere- 
hours; the 9-volt battery will supply 1 
mA for 400 hours, but the D cell will 
supply 1 mA for 3200 hours, eight times 
as long as the 9-volt battery. 


table 1. Carbon-zinc battery performance. 
battery load 


type current life capacity 
(mA) (hours) (mA-hours) 
9 volt 1 400 400 
AA 5 180 900 
Cc 5 330 1650 
D 20 160 3200 


When you consider that the 9-volt battery 
may cost twice as much as the D cell, the 
cost-of-operation factor is about 16 to 1 
in favor of the D cell. The above rational 
assumes the 9-volt circuit would draw the 
same current as the 1.5-volt circuit. If, 
however, the two circuits were designed 
to have the same output impedances, the 
9-volt circuit could draw about six times 
as much current, making the cost-of- 
operation factor 96 to 1 in favor of the 
D cell. 


headphone power 


| used a subjective listening test to 
determine whether a _ 1.5-volt circuit 
could drive a pair of 2000-ohm head- 
phones. The phones were connected to a 
1-kHz audio oscillator, and an ac volt- 
meter used to measure the voltage across 
the phones. Table 2 shows the results. 
Since 300 mV rms is about 0.85-volt 
peak-to-peak, and since an amplifier hav- 


ing a 1.5-volt supply should be able to 
have an output swing of 0.85-volt peak- 
to-peak, there should be more than 
enough power available to drive the 
phones. 


table 2. Headphone loudness vs supply voltage. 


headphone power to observed 
voltage headphones loudness effect 
(mV rms) (microwatts) 
2 0.002 detectable 
30 0.45 comfortable 
100 5.0 desirable 
300 45.0 excessive 


threshold howl 


A common trouble in designing regen- 
erative detectors is threshold howl. This is 
a loud audio-frequency oscillation heard 
when the regeneration control is ad- 
vanced to the point of rf oscillation. It is 
caused by the circuit squegging or going 
in and out of rf oscillation at an audio 
rate. This is similar to the action of a 
superregenerative vhf detector which 
starts and stops its rf oscillations at a rate 
somewhere around 100 kHz. 

According to Terman,! the tendency 
to have intermittent oscillations is re- 
duced by decreasing the R-C time con- 
stants associated with the bias network. | 
had no trouble with threshold howl after 
| reduced the collector and base resistors 
of Q1 to the values shown in fig. 1. The 


WWYV receiver is built into an old Bud enclosure 
that was picked up at a swap-fest. 
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22-pF base coupling capacitor of Q1 
should not be increased. 
circuit 

Fig. 1 is a schematic of the complete 
receiver. Battery drain is less than 1.5 
mA. 

Measure the dc voltage between the 
collector of 04 and ground with a 20,000 
ohm-per-volt vom or a vtvm. The audio 
gain should be set at minimum for this 
test, and 10 seconds allowed for the 
amplifier to stabilize after it is turned on. 


electrical stability is improved by me- 
chanical rigidity, and short leads should 
be used in the detector circuit. The Bud 
C-973 cabinet, with chassis, and the 
National type N-2 dial were salvaged from 
an old vacuum-tube vhf converter | 
bought at a swapfest for a dollar. The 
photographs show how the tuning capaci- 
tor is mounted to a 1.5-inch aluminum 
angle and coupled through a flexible 
coupling to the dial. Not shown is the rf 
choke and audio amplifier which are 
mounted below chassis. All detector com- 
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fig. 1. circuit diagram of the low-voltage WWV receiver which tunes from approximately 4.7 to 15.5 
MHz. L1 is 3.8 UH (12 turns, 1¥2"’ diameter, 6 turns-per-inch coil stock). 


If the voltage is not in the range of 0.75 
to 0.85 volt, substitute different size 
resistors for Rfp until the voltage is about 
0.8; larger value resistors will raise the 
voltage, and smaller ones will lower it. 
The large coil stock was used to make 
it easy to experiment with tap positions. 
Antenna coupling is varied by means of a 
minigator clip from the antenna terminal 
which can be clipped to the coil at any 
point. The emitter tap is one turn from 
ground. A 51-ohm resistor from emitter 
to ground was necessary to ensure that 
oscillation could be stopped at all fre- 
quencies; it also stabilizes the circuit 
against antenna impedance variations. 
There is nothing critical in the con- 
struction of the receiver, but, as usual, 
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ponents are mounted to solder terminal 
strips, and the audio amplifier is assem- 
bled on a piece of Vectorbord. 

Important considerations are the need 
for a speed-reducing dial because of the 
high selectivity and wide tuning range, 
and the desirability of a smooth action 
ballbearing capacitor for the regeneration 
control. The regeneration setting is rather 
critical, and anything you can do to make 
it easier is quite worthwhile. | used 
Calectro A1-227 variable capacitors for 
both tuning and regeneration. 


operation 


Use a fresh flashlight battery; old ones 
may have developed enough internal 
resistance to provide coupling between 


circuits which results in undesired oscilla- 
tions. 

There will be about a 10-second delay 
after the battery switch is turned on 
before anything will be heard in the 
phones; this is because of the long time 
constant of the 10-megohm resistor and 
2.2-UF capacitor in the audio amplifier 
feedback network. 

The antenna tap should be set for the 
best compromise between sensitivity and 
selectivity. One or two turns from ground 
is about right for long antennas, but three 
or four turns can be used with short 
antennas. If selectivity is poor, move the 
tap toward ground. 

Use only headphones having 2000 
ohms, or more, impedance. Advance the 
regeneration control toward oscillation 
by increasing its capacitance (this turned 
out to be counter-clockwise with the 
variable capacitor | used). When the point 
of oscillation is reached, a sudden in- 
crease in the background hissing noise 
will be heard; if a signal is within a few 
kHz of the detector’s frequency, a beat 
note will be heard. 

To tune in an a-m station, adjust the 
tuning dial and regeneration control 
simultaneously, keeping the regeneration 
just below the point of oscillation, until 
the station is clearly heard. There is 
interaction between the two controls, and 
some practice will be required to become 
proficient at tuning. Once the station is 
tuned in, it may be necessary to back off 
on the regeneration to eliminate distor- 
tion; the selectivity is so narrow at 
maximum circuit O that sidebands can be 
clipped. CW signals should be tuned with 
the regeneration control set just above 
the point of oscillation. 

With a tuning range of more than 10 
MHz on 180 degrees of dial, it is a test of 
skill to tune in a ssb signal, but it can be 
done. The regeneration control should be 
set somewhat higher than for CW, and 
both tuning and regeneration carefully 
adjusted until the signal is clear. 

High-powered amateur stations nearby 
can cause overload problems and be heard 
all across the dial, but this is not unusual, 


even with receivers of more sophisticated 
design. Moving the antenna tap toward 
ground will help. 


conclusion 


| hope the information above will help 
those who wish to build a simple general 
coverage receiver which is capable of 
good a-m performance. My reason for 
building it was to avail myself of WWV's 
accurate frequencies, time signals and 
propagation forecasts. | am well satisfied. 
Some will consider the critical two- 


Construction of the WWV receiver. Audio 
amplifier is built on perforated board mounted 
underneath the chassis. 


handed tuning procedure a serious disad- 
vantage, but | don’t; things that require 
skill are more fun to do. 

To my knowledge, this receiver is 
unique in that it can give good shortwave 
performance using a single flashlight bat- 
tery power supply. Field Day enthusiasts 
and campers might consider adding a 
bandspread control for portable ham- 
ming. Regenerative receivers aren’t as 
good as direct-conversion for CW and ssb, 
but they work. 


reference 


1. F.E. Terman, Electronic and Radio Engineer- 
ing, 4th edition, McGraw-Hill, New York, pp 
491-492. 
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Heathkit 2-Meter FM gear Is he 


re! 


ie a 


e All solid-state design * Can be com- 
pletely aligned without instruments ¢ 36- 
channel capability — independent push- 
button selection of 6 transmit and 6 re- 
ceive crystals ¢ 10-Watts Minimum Out- 
put — designed to operate into even an 
infinite VSWR without failure « Optional 
Tone Burst Encoder — mounts inside, 
gives front-panel selection of four pre- 
settable tones 


The Heathkit HW-202 compares with the best wired 
amateur 2M/FM rigs. Plus it has: 36-channel 
capability via independent selection of 6 transmit 
and 6 receive crystals. Solid-state circuitry with 
complete built-in alignment procedures using only 
the manual and the front-panel meter allow opera- 
tion over a 1 MHz segment from 143.9 to 148.3 
MHz. Removable front-panel bezel permits instal- 
lation of the new Heathkit HWA-202-2 Tone Burst 
Encoder. 


10-15 watts transmission into an infinite VSWR — 
indefinitely, with no failure! The HW-202 needs no 
automatic shut-down — it continues to generate a 
signal regardless of antenna condition. Transmit- 
ter deviation is fully adjustable from 0 to 7.5 kHz, 
with instantaneous deviation limiting. Harmonic 
output is greater than —45 dB from carrier. The 
push-to-talk ceramic microphone supplied has an 
audio response tailored to the HW-202. 


Excellent reception — 0.5 uV or less produces 12 
dB Sinad, or 15 dB quieting. Output at the built-in 
speaker is typically 2 watts at less than 3% total 
harmonic distortion. The receiver circuitry utilizes 
diode-protected dual-gate MOSFETS in the front 
end; an IC IF that completely limits with less than 
a 10 uV signal; dual conversion, 10.7 MHz and 455 
kHz via a 4-pole monolithic 10.7 MHz crystal filter. 
Image response is —55 dB or better. Spurious re- 
sponse is —75 dB or better. 
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The Heathkit HW-202 comes with two crystals used 
in initial set-up and alignment, give you simplex 
operation on 146.94. Kit includes microphone, 
quick-connecting cable for 12-volt hook-up, heavy 
duty alligator clips for use with a temporary bat- 
tery, antenna coax jack, gimbal bracket, and mo- 
bile mount that lets you remove the radio from the 
car by unscrewing two thumbscrews. The HWA- 
202-2 Tone Burst Encoder provides four preset- 
table pushbuttons for instant repeater access. 
Fixed station operation is as easy as adding -the 
HWA-202-1 AC Power Supply. The HA-202 2-Meter 
Amplifier puts out 40 watts for 10 watts in, and 
externally it’s a perfect mate for your HW-202. 


Kit HW-202, 11 Ibs., mailable .......... 179.95* 
Kit HWA-202-2, Tone Burst Encoder, 1 Ib. . .24.95* 


Kit HWA-202-1, AC Power Supply, 7 Ibs. . .29.95* 
Kit HWA-202-3, Mobile 2-Meter 

Antenna, 2) |DS., 25,6... ouese010loete eee eee 17.95* 
Kit HWA-202-4, Fixed Station 2-Meter 

Antenna,4 Ibs... 4... 0... nest. cl pcre nea 15.95* 


HW-202 SPECIFICATIONS — RECEIVER — Sensitivity: 12 dB SINAD* 
(or 15 dB of quieting) at .5Suv or less. Squelch threshold: 3 yv or 
less. Audio output: 2 W at less than 10% total harmonic distor- 
tion (THD). Operating frequency stability: Better than +.0015%. 
Image rejection: Greater than 55 dB. Spurious rejection: Greater 
than 60 dB. IF rejection: Greater than 75 dB. First IF frequency: 
10.7 MHz +2 kHz. Second IF frequency: 455 kHz (adjustable). 
Receiver bandwidth: 22 kHz nominal. De-emphasis: —6 dB per 
octave from 300 to 3000 Hz nominal. Modulation acceptance: 7.5 
kHz minimum. TRANSMITTER — Power output: 10 watts minimum. 
Spurious output: Below —45 dB from carrier. Stability: Better 
than +.0015%. Oscillator frequency: 6 MHz, approximately. Mul- 
tiplier factor: X 24. Modulation: Phase, adjustable 0-7.5 kHz, 
with instantaneous limiting. Duty cycle: 100% with oo VSWR. 
High VSWR shutdown: None. GENERAL — Speaker impedance: 4 
ohms. Operating frequency range: 143.9 to 148.3 MHz. Current 
consumption: Receiver (squelched): Less than 200 mA. Transmit- 
ter: Less than 2.2 amperes. Operating temperature range: —10° 
to 122° F (—30° to + 50° C). Operating voltage range: 12.6 to 
16.0 VDC (13.8 VDC nominal). Dimensions: 234” H x 814” W x 
9%" D. 

*SINAD=Signal + noise + distortion 

Noise + distortion 


More Details? CHECK—OFF Page 110 


and here! 


NEW Heathkit 
2-Meter Amplifier for cleaner 


FM copy on the fringe... §995° 


40 watts nominal out for 10 watts in — 
requires only 12 VDC supply. 


Fully automatic operation — with any 
2-meter exciter delivering 5-15 watts drive. 


Solid-state design — all components 
mount on single board for fast, 
easy assembly. 


If you’re regularly working from a fringe area, the 
new Heathkit HA-202 can boost your mobile output 
to 40 watts (nominal), while pulling a meager 7 
amps from your car’s 12-volt battery. 


Install it anywhere...in the trunk, under the hood 
or dashboard. Use it with any 2-meter exciter de- 
livering 5-15 watts drive. Features fully automatic 
operation. An internal relay automatically switches 
the antenna from transmit to receiver mode when 
you release the mike button. 


All solid-state design features rugged, emitter- 
ballasted transistors, combined with a highly effi- 
cient heat sink, permitting high VSWR loads. Tuned 
input-output circuits offer low spurious output 
to cover the 1.5 MHz segment of the 2-meter band 
without periodic readjustment. All components 
mount on a single printed circuit board for easy, 
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4-hour assembly. Manual shows exact alignment 
procedures using either a VOM or VTVM. And in- 
stallation is just as simple. 


Kit includes transceiver connecting cable, antenna 
connector. Operates from any 12 VDC system — 
additional power supplies are not required. Add 
HA-202 power to your mobile 2-meter rig, and 
boom out of the fringe. Kit HA-202, 4 Ibs. 


HA-202 SPECIFICATIONS — Frequency range: 143-149 MHz. Power 
output: 20W @ 5 W in, 30W @ 7.5W in, 40W @ 10 W in, 50W 
@ 15 W in. Power input (rf drive): 5 to 15W. input/output im- 
pedance: 50 ohms, nominal. Input VSWR: 1.5:1 max. Load VSWR: 
3:1 max. Power supply requirements: 12 to 16 VDC, 7 amps max. 
Operating temperature range: —30° F. to +140° F. Dimensions: 
3” H x 444” W x 5/2" D. 


and nere! New Heathkit 
Ty | a VHF Wattmeter/SWR Bridge...29.95* 


Perfect tune-up tool for your 2-meter gear. Tests transmitter output in 
power ranges of 1 to 25 watts and 10 to 250 watts 10% of full scale. 
50 ohm nominal impedance permits placement in transmission line 
permanently with little or no loss. Built-in SWR bridge for tuning 2- 
meter antenna for proper match, has less than 10-watt sensitivity. 
Kit HM-2102, 4 lbs. 


HM-2102 SPECIFICATIONS — Frequency range: 50 MHz to 160 MHz. Wattmeter accuracy: 
+10% of full-scale reading.* Power capability: To 250 W. SWR sensitivity: less than 10 
W. Impedance: 50 ohms nominal. SWR bridge: Continuous to 250 W. Connectors: UHF 
type S0-239. Dimensions: 51/4” W, 5.6” H and 642” D, assembled as one unit. 

*Using a 50 Q noninductive load. 


See them at your Heathkit Electronic Center — 
or fill out coupon for FREE Heathkit catalog 
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in Alaska 


The frigid weather 

and frozen tundra 

were overcome 

to place a 

commercial wireless system 
in operation 


in 1903 
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Ed Marriner, W6BLZ, 528 Colima Street, LaJolla, California 92037 =e 


first wireless 


At the turn of the century the Alaskan 
gold rush was in full swing. Army forts 
had been established to look after the 
gold seekers, and a reliable communica- 
tions system was needed. A wireless 
communications system was established, 
later to be called the Western Alaska 
Military Communication and Telegraph 
System, which eventually employed 
many radio amateurs who as civilians 
became speed operators on one of the 
country’s fastest CW nets. They were 
called WAMCATS. 

How did it all start? Historically, it 
was the first communications system on 
all of the West Coast of America. During 
the various Alaskan gold rushes, starting 
in 1898, towns and camps mushroomed 
overnight, with plenty of tin horn gam- 
blers and other characters (as described in 
the poems of Robert W. Service) wander- 
ing from place to place. By 1900, better 
communications than messages by boat 
or dog teams became a necessity. 

In 1900 Congress gave the U.S. Army 
Signal Corps money to improve wireless 
communication and charged them with 
the responsibility for a cable line to 
Alaska and the interior. This cable line 
was constructed under great difficulty for 
the poles had to be set into permanently 
frozen ground. This was the first of many 
factors which launched the Army into 
wireless communications. 

In 1903 the U. S. Army had strung 


wires to St. Michaels, Alaska, and was 
faced with the problem of making it to 
Nome. This meant the choice of going 
around Norton Sound with a pole line 
under the worst of primitive conditions 
or laying a cable which would be carried 
away by ice each year. 

The Signal Corps, by now, had used 
wireless telegraphy and decided that the 
last link between the stations at Nome 
and St. Michaels was to be a wireless one. 
The entire system consisted of 107 miles 
via wireless, followed up by 3883 miles of 
cable to Seattle. This same year, 1903, 
Dr. Lee DeForest experimented and ex- 
changed satisfactory communication be- 
tween Fort Safety, Alaska, and these 
stations which was the final report of the 
project which started back in 1899. 

Leading up to the Alaskan Wireless 
Network was a report by the Chief Signal 
Officer who, in 1899, announced that the 
Signal Corps had devised a system of 
wireless telegraphy. This was the first 
publicly operated network in America. 
Improved in detail, it worked successfully 
over limited ranges between the harbor 
fortifications for which it was planned. 
Recognizing, however, that rapid ad- 
vances were sure to be made by civilian 
experts, the Chief Signal Officer decided 
to adhere in this matter to his general 
policy. This meant that experimental 
work would be carried out by the Signal 
Corps only under those conditions where 
there wasn’t any easy recourse to the 
commercial and industrial establishments 
of the United States. 

Owing to repeated failure of several 
wireless telegraph companies to furnish a 
reliable and satisfactory system of wire- 
less telegraphy in Alaska over a distance 
of 100 miles, the Chief Signal Officer 
decided in 1903 to have all existing 
systems examined with reference to their 
practical qualities. He decided to obtain 
by elimination, substitution or invention 
some system for Army use which would 
result in the reliable and successful trans- 
mission of messages. 


The farsightedness of the Chief Signal 
Officer had already accumulated informa- 
tion and instruments which facilitated the 
solution of the problem. In addition to 
the systematic collection of all published 
data on wireless telegraphy, no efforts 
had been spared to supplement these by 
obtaining information from various in- 
ventors and experimenters. In addition, 
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Map showing the wireless circuit between Nome 
and Fort St. Michael, Alaska, a distance of 100 
miles. This circuit was put into operation by 
the U.S. Signal Corps in 1903 to replace the 
cable which was washed out by ice every year. 


the Signal Corps purchased sample instru- 
ments and_ installations pertaining to 
every system that seemed worthy of test 
where a title to the instrument could be 
obtained for a reasonable price. In this 
way they acquired essential parts of 
important systems. Experimental work in 
wireless telegraphy had also been done by 
Maj. Samuel Reber, George O. Squier and 
Edgar Russel, all Signal Corps people, but 
none of these officers were available for 
assignment to the work. 

For experimental work in connection 
with perfecting a permanent plant, Capt. 
Leonard D. Wildman, a graduate of 
Stevens Institute of Technology, who had 
displayed resourcefulness in various 
phases of field duty, was selected. With 
full authority to call on Major Reber and 
Capt. Russel for advice, the accumulated 
data and instruments were turned over to 
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Capt. Wildman, who began his work by 
testing the capacity and efficiency of the 
Braun-Halske wireless transmitter, a dup- 
licate of the plant which operated success- 
fully during the German maneuvers. 
While this transmitter was not unsuc- 
cessful, its maximum capacity for trans- 
mission of messages over 63 miles was not 
entirely satisfactory. 

In addition to determining the best 
type of field wireless apparatus suited to 
the Army, he was particularly charged 
with the setting up of a permanent 
wireless plant which should be able to 
work successfully over distances exceed- 
ing 100 miles. 

The chosen field of operation was 
between Fort Wright, Fisher Island, and 
Fort Schuyler, New York, 97 miles apart, 
of which 20 miles was across land. The 
use of these forts was a factor in the 
national defense as it established a wire- 
less system over which, in times of great 
disturbance, a message could be quickly 
exchanged between the outlying defenses 
of New York. 

With these ends in view, experiments 
were carried on under Capt. Wildman’s 
personal supervision during the latter part 
of the year with instruments purchased 
from the Lodge-Muirhead Wireless Tele- 
graph Company of Great Britain, the 
Brau-Siemans-Halske Wireless Telegraph 
Comapny of Germany, the National Elec- 
tric Signal Company of Washington, D.C., 
and from the DeForest Wireless Telegraph 
Company of New York. 

In addition to the instruments furnish- 
ed by the above companies, experimental 
apparatus was purchased by the Chief 
Signal Officer from time to time. Com- 
parative tests were also made between all 
receivers, responders and coherers on the 
market, as well as with many different 
types of special equipment. 

Not withstanding the popular idea that 
wireless telegraphy over great distances 
was an accomplished commercial fact, 
none of the systems investigated proved 
satisfactory for Army use. (Have times 
changed?) Wireless telegraph systems 
seemed to have been developed by their 
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inventors in the laboratory for their own 
use rather than to electrical and mechani- 
cal standards in which a reliable piece of 
equipment could be placed on the com- 
mercial market. 

After an investigation of the existing 
systems, Capt. Wildman formulated, with 
the approval of the Chief Signal Officer, 
the following changes as being necessary 
for practical military uses: 


1. Eliminate the necessity for an abso- 
lute electrical ground. 


2. Construct all parts of the apparatus 
so that in case of the failure of any 
part, that part can be replaced without 
elaborate machinery by intelligent un- 
skilled labor. Even in those days they 
had trouble getting technicians. 


3. Replace all adjustments which re- 
quire a knowledge of mathematics, or 
experience in manipulation by lettered 
dials or definite switch positions so 
that highly skilled operators would be 
unnecessary. 


4. Reduce the necessary height of the 
antenna wires. 


5. Produce a receiver which would not 
only receive the message intended for 
it, but which could, by adjustment, 
also receive any electromagnetic wave. 


6. Eliminate disturbances due to at- 
mospheric or static electricity. 


7. Avoid, as far as practicable, all 
dangerous high-potential currents at 
points where there was a possibility of 
danger to employees. 


8. Provide devices which would pro- 
tect the instruments and machinery 
from destructive potentials. 


9. Avoid, as far as possible, the use of 
patented devices and the consequent 
payment of large royalties. 


10. Devise a system which could be 
easily transported in time of war and 
which would be capable of trans- 
mitting messages under all climatic and 
topographical conditions. 


Extended tests were made on the 
DeForest System which in its original and 
earlier forms was successfully operated 
during the Army and Navy maneuvers in 
1902 on Long Island Sound. This was the 
first time the Signal Corps applied wire- 
less telegraphy to military purposes. Dur- 
ing these tests the DeForest system barely 
covered the Schuyler-Wright course. 
Under the most favorable conditions a 
signal could be exchanged successfully, 
but when there were nearby interfering 
stations, signal exchange was impossible. 

Undismayed by the situation Capt. 
Wildman applied himself to the problem 
of supplementing and improving the 
system, to the point that he solved the 
problem as far as the needs of the Signal 
Corps were concerned. His improvements 
were formulated and patented equally in 
the interests of the United States, to 
whom the patents were assigned, and of 
the inventor. 

Although the Signal Corps system was 
not perfect, it was better than any system 
previously tried. It was not absolutely 
unbreakable, it could not be operated by 
men of a low order of intelligence, and it 
was not entirely free from interference 
from nearby stations, nor could it be 
operated during heavy thunderstorms. Al- 
though, from the looks of the tests, it did 
not meet many of Capt. Wildman’s speci- 
fications, the U.S. Army was eager to give 
it a try in Alaska. A good substitute for a 
good electrical ground had been found, 
the operations and adjustments were 
simple enough, there was only one place 
within reach of the operator where there 
was a destructive potential, and the 
equipment was decided to be repairable 
enough. 

Messages during the tests were sent 
daily in great numbers over the ninety- 
seven mile path for five weeks without 
any apparent deterioration in apparatus 
or machinery. The experiments furnished 
a large amount of accurate and valuable 
data on placement of antenna poles, their 
rigging, construction, dynamos and their 
design, transformers and their durability 
in moist weather, induction coils and 


their action, the various methods of 
tuning the antennas to each other, and to 
the closed oscillating circuits by which 
they were fed. The tests proved very 
valuable. 

With the exception of the DeForest 
receiver, the Signal Corps system had no 
patentable devices other than those in- 
vented and designed by the officers and 


— oe a 


: 
7 
i 
i 


Old wireless telegraph station at Fort St. 
Michael, Alaska. (Photo courtesy U.S. Signal 
Corps) 


enlisted men of the Signal Corps. As 
usual, the general public recognized that 
they had been taken in by the extrava- 
gant claims of wireless telegraph experi- 
menters. The public would have to wait 
for experience alone to prove whether the 
devices adopted by the Signal Corps per- 
formed properly when transferred from 
a temperate climate to places like Alaska 
where they had to be operated and 
maintained by unskilled labor in an un- 
favorable environment. 

It appeared for certain, however, that 
for Army uses this system was better than 
anything previously available on the mar- 
ket. Time might disprove the utility of 
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some of the features which seemed prom- 
ising, but the Army felt it was an advance 
over other wireless systems then in use. 

Capt. Wildman was about to tackle the 
job of installing a communications system 
in the cold wilds of Alaska, and acknowl- 
edged his indebtedness to Major Reber 
and Capt. Russel for valuable advice and 
assistance. Special commendation is due 
Capt. Wildman for the persistent and 
skillful manner in which he contributed 
to the efficiency of the Army in perfect- 
ing the Signal Corps system of wireless 
telegraphy. The improvements were large- 
ly his own devices. Two patents were 
obtained by him for wireless inventions 
and were assigned to the government. He 
went on to Alaska, completed his task 
and wrote the following report to the 
Chief Signal Officer in 1903: 


wireless telegraphy 


“The system of Wireless Telegraphy 
devised by the Signal Corps of the Army 
in 1899 has been improved in details, but 
its range of operation is limited. It was 
deemed advisable to stop experimental 
work along these lines pending the de- 
velopment of this science by experts in 
civil life. 

In 1901, however, it became a matter 
of practical importance to the Signal 
Corps to establish wireless telegraphy 
over extended distances. A contract was 
made looking into the establishment of 
the wireless telegraph by the Fessenden 
system across Norton Sound from Nome 
(Fort Davis) to St. Michael, about 110 
miles. The contractors failed, however, to 
make the installation and the contract 
was revoked. 

In view of the failure of the contractor 
to install the wireless system across 
Norton Sound, Alaska, and in order to 
meet the desire of the Commanding 
General, Department of Columbia, for 
telegraphic communication with Fort 
Davis, the Signal Corps took up this 
problem and is now engaged in an effort 
to install a system that shall work from 
St. Michael to Safety Harbor, near Nome, 
Alaska, a distance of about 105 miles. 
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Experimental work with separate and 
composite systems is being carried out in 
Long Island Sound by Capt. L.D. Wild- 
man, Signal Corps, with a view to eventu- 
ally be working between Fort Schuyler 
and Fort H.G. Wright, a distance of 105 
miles, and of which about 10 miles are 
lowland. For this purpose masts 140 feet 
high have been constructed, and complet- 
ed in order to make final tests. Captain 
Wildman now awaits special motor dy- 
namos and transformers. 

Meanwhile to the delay, installations 
of masts and antennas are now being 
made at Safety Harbor and St. Michael, 
so that whatever system proves satis- 
factory in Long Island Sound, can be 
utilized in Alaska by 1904 with the 
suitable sending and receiving apparatus. 
At both St. Michael and Safety Harbor 
the permanent plants are now in process 
of transportation and erection. There are 
to be at each station two triple masts 200 
feet high, between which are to be a 
suspended fan shaped antenna, consisting 
of 125 copper wires one-foot apart. The 
motor power is to consist of a 5 hp 
gasoline engine and a 3 kW motor dy- 
namo, 60-cycle alternator. At one station 
will be a transformer, stepping up from 
500 to 20,000 volts, and at the other, 
stepping up from 500 to 25,000 volts. 
The large Muirhead receivers, which now 
seem to be the best available type, are to 
be utilized in this work unless meantime 
other experiments produce something 
superior. 

Another contract was made with the 
American-Marconi Wireless Telegraph 
Company to establish wireless communi- 
cation between two points in the Tanana 
Valley where great difficulties were ex- 
pected in constructing an ordinary tele- 
graph line and in maintaining it satis- 
factorily, the contract locating the con- 
necting of two points about 164 miles 
apart with an intermediate station should 
the Marconi company so decide. It was 
hoped that this installation would be 
made by October 1902, but the con- 
tractors were not able to install the 
system last year. They were at work 


during the summer of 1903, but to this 
date no success has been reported. It has, 
therefore, been necessary for the Chief of 
Signal Officer of the Army to direct the 
efficient maintenance of the land lines in 
the lower valley of the Tanana, such 
action being imperatively necessary in 
view of the failure of the wireless installa- 
tions in a reasonable time. 
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United States Signal Corps station FD at Nome, Alaska, 1903. (Photo courtesy U.S. Signal Corps) 


As we stated in the last annual report, 
the DeForest system of wireless tele- 
graphy was utilized during the Army and 
Navy maneuvers on Long Island Sound. 
This year the same system has been used 
to replace a broken cable in New York 
Harbor, between Forts Wadsworth and 
Hancock, and it has worked most satis- 
factorily over this distance of 12 miles. In 
this system a motor dynamo of one 
kilowatt capacity, driven by the power of 
the post plant at 110 volts, produces an 
alternating current of 500 volts at 60 


cycles. This runs through a two-kilowatt 
transformer, which steps up the voltage 
across the spark gap. Messages are re- 
ceived by the telephone and DeForest 
responder.” 


Report to the War Department, 
Washington, D.C., October 3, 1903 


“While communication is now heard 


regularly by telegraph between the civil- 
ized world and the Yukon Valley west- 
ward to St. Michael, yet restoration of 
communication with Nome has so far 
proved impractical. The cable between 
Nome and St. Michael was so badly 
injured by ice, some 40 miles of it having 
been carried away, that its repair meet 
the urgent recommendations of the Com- 
manding General, Department of Colum- 
bia. Efforts are being made, with pros- 
pects of success in 1904, to establish 
communication by wireless telegraphy 
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between St. Michael and Nome across 
Norton Sound, Alaska, a distance of 108 
miles.’’ 


October 4, 1904, from 
Capt. Wildman 


‘The Signal Corps wireless station at 
Nome could communicate with a similar 
station on the Kamchatkca Coast, but the 
infertile and sparsely inhabited country 


through that section, and it became 
necessary for the Chief Signal Officer of 
the Army to undertake through the offi- 
cers and men of his Corps, a wireless 
installation across Norton Sound, and 
work commenced along two lines: First, 
to install those available and then perfect- 
ing the system later. Second, as the short 
navigable season of four months in Nor- 
ton Sound rendered it impracticable to 


Inside the Signal Corps station FK at Circle City, Alaska, 1909. (Photo courtesy U.S. Signal Corps) 


thence to the nearest Russian station of 
Nikolaevisk would render any such enter- 
prise unlikely should it be suggested. As 
has been stated in previous annual re- 
ports, efforts to establish a wireless sys- 
tem across Norton Sound and in the 
valley of the Tanana, awarded to differ- 
ent companies under public proposals, 
failed entirely. 

The contract to establish communica- 
tion was abandoned in its primary stages 
in one case, while in the other the efforts 
proved fruitless after two or more years 
trying to construct a permanent line 
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carry on experimental work in Alaska, it 
was decided to establish two stations in 
connection with the coast defenses of the 
United States, where they would have a 
permanent value, and after devising a 
successful typical plant, transfer its send- 
ing and receiving apparatus to Alaska.” 
The arrangements for the temporary 
plant were made under the general direc- 
tions of Major Russel, whose special and 
important duty in connection with the 
Alaskan cable installation left him but 
scant time for arrangements, whose exec- 
utive duty must necessarily be carried out 


2,000 miles away by an assistant not 
under his personal observation. 

In the late summer of 1903 the Nor- 
ton Sound base was established. At Safe- 
ty Harbor and St. Michael there were 
built portable houses, in which were 
installed engines, batteries and wireless 
instruments, supplemented by two masts 
at each station 210 feet high, between 
which were suspended fan-shaped anten- 
nas. These poles, the highest ever erected 
on the Pacific Coast, and the antenna 
were installed through the resourcefulness 
and professional skill of Mr. R.D. Ross, a 
civil engineer employed for this purpose. 

Unfortunately, part of the wireless 
material failed to reach St. Michael be- 
cause the steamer it was on, the Meteor, 
was disabled enroute. First Lt. A. T. Clif- 
ton, with. a selected force of signal-men 
familiar with wireless work, jury-rigged 
instruments through which meager wire- 
less signals were exchanged during the 
winter. 

Meanwhile, experimental work was 
carried on in Long Island Sound by Capt. 
Wildman with separate and composite 
systems. He eventually devised a com- 
posite plant, originally based on the 
DeForest system, but largely modified by 
inventions of his own. This plant worked 
with great success between Fort Wright 
and Fort Schuyler New York. The trans- 
fer of the wireless equipment from Long 
Iskand Sound to Norton Sound was ac- 
complished by Capt. Wildman during the 
next summer. The method of installation 
was such that the installation was easily 
made. 

Capt. Wildman, at St. Michael, and 
Sergeant Treffinger, at Safety Harbor, 
installed their respective systems in less 
than two days. Capt. Wildman reported 
that the wireless material was landed and 
delivered at St. Michael by noon of 
August 4, and said: 

“At 9 o'clock AM on the 6th, com- 
plete messages were exchanged, and the 
telegram from me at Safety Harbor was 
released and set forward. No serious 
trouble of any kind was experienced and 
every part of the machinery worked in a 


perfectly satisfactorily manner. Since that 
time we have been pushing the machinery 
about 20% overloaded in order to see if it 
could be broken down. The signals are 
fine and louder than | have ever heard 
them at either the stations when at 
Schuyler or Wright. The operators have 
no difficulty in reading the messages 
while the relay is working in the same 
room and with the engine running in the 


table 1. Callsigns of some of the early U.S. 
Army Stations in Alaska. 


FB Fairbanks 

FD Nome 

FE Mouth of the Yukon 
FG Fort Gibson 

FK Circle City 

FM Ft. St. Michael 

FP Petersburg 

FQ Ft. Egbert 

FX Ft. Worden 


next room and men walking about and 
talking in an ordinary voice anywhere in 
the house.” 

On August 17, 1903, the Nome station 
was thrown open for commercial business 
with the rest of the world, and the 
wireless section of the Alaskan Telegraph 
System was an everyday adjunct of the 
electrical appliances of the twentieth 
century. It daily transmitted the entire 
telegraphic business of the Seward Penin- 
sula. In one afternoon 5000 words were 
exchanged between Safety Harbor and St. 
Michael. 

Through the professional skill of Capt. 
Wildman and his subordinates, the Signal 
Corps had started operating the longest 
wireless section network of any com- 
mercial telegraphy system in the world. 
Some of this early equipment was still 
functioning as late as 1922, in Craig, 
Alaska. The old 3-kW transmitter was still 
run by the gas engine, and the transform- 
er, glass-plate condensers, straight open 
spark gap with cup-like electrodes and 
plain helix were still going after all those 
years. Wireless proved itself easier to 
maintain than telegraph wires. 

ham radio 
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Your finest discount antenna 
and equipment supplier. 


Beat inflation. 


Save time and money with mail order. 
e NAME BRANDS 
e Savings up to 20% 
WRITE FOR CATALOG 


ANTENNAS TRANSCEIVERS 
TOWERS ACCESSORIES 


Phone (213) 534-“KING” 


ANTENNA KING 
Box A 
Lomita, Calif. 90717 
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‘eh 
KING 
SIZED SPECIALS 
for APRIL 


TRI EX HY GAIN ANTENNA TOWER PACKAGE... .. .. eee > 99200 


51 ft. Free Standing Tower W/Base, Hy Gain Super THEDXX 10/15/20 Beart 
100 ft. ea. RG8 & Rotor Cable Prepaid, HAM-M Heavy Duty Rotor With Brake. 


HAM M HEAVY DUTY ROTOR W/BRAKE ..._. .. .. .. ....._.._ . $ 89.95 
RG8-LOW LOSS FOAM COAXIAL CABLE ...... ...... .. .._.._ . 10€/FT. 
TR44 MEDIUM DUTY ROTOR NO BRAKE. ....... . . . $ 59.95 
HY GAIN TH6DXX 10/15/20 BEAM... . .. .. .. .. . . . . . $144.95 
SWAN 500CX 550WATTS 5 BAND... .. .. .._.__.. Write for our best price 
STANDARD 826MA 10 WATT FM 12CH. ©... _.._.. Write for our best price 
STANDARD C146A 2 WATT HAND HELD 5CH. . ___.. Write for our best price 
GALAXY GT550A 5BAND 550WATTS NEW. .______... Write for our best price 
COBRA MIC, PRE-AMP MODEL 301 NEW... ... . .. .. .. . $ 14.95 
REGENCY HR2A 15WATT FM 6CH, MOBILE. . .._.. Write for our best price 
HY GAIN 5/8 WAVE 2METER MOBILE ANT... ... . . . . . $ :15.95 
HY GAIN BN86 3-30 MC, 2KW BALUN......._.... . .. . . . $ 10.95 


(“KING-SIZE SPECIALS” ARE PRE-DISCOUNTED FOR YOUR CONVENIENCE) 


TAKE THE GAMBLE OUT OF SHOPPING! 
Send Us Your Best Quote & We'll TOP It! 


ANTENNA KING 
- BoxA — 
Lomita, Calif. 90717 


Phone (213) 534-“KING” 
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how to make 
your own 


printed-circuit boards 


Complete directions 

on how to make 

your own 

printed-circuit boards — 
a practical 

AFSK generator 

is included 


as an example 
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Bert Kelley, K4EEU, 2307 South Clark Avenue, Tampa, Florida 33609 


Today’s solid-state components are sma 
with terminals close together. Often th 
mechanical support and the terminal pir 
are one and the same, and printed-circu 
construction eliminates the difficulties ¢ 
wrapping wires around IC pins only 
tenth of an inch apart without shortir 
adjacent pins. PC boards also solve th 
mounting problem. Wiring then becom«s 
very easy, high parts density is possib! 
with little effort, and the printed-circu 
assembly is rugged — not likely to fa 
apart under vibration or use. 

The main requirement is to carefull 
plan the parts layout on the board. Th 
may be a different approach from the ol 
vacuum-tube days when wiring bega 
when all the tube sockets were mountec 
often without much planning. But plar 
ning actually makes the wiring go faste 
because once the board is etched, th 
resistors, capacitors, and ICs almost lite 
ally fall in place and the project 
finished in a very short time. Making yot 
own circuit boards is not at all difficult 
you assemble the material and tools 
suggest and follow the following instru 
tions. 


tools 


Many hobbyists already have the fe' 
tools required (see fig. 1). First of all, yo 


need a tool to cut the circuit board. 
Phenolic board is brittle and splits when 
cut by a hacksaw unless it is carefully 
clamped. If you do much construction 
work, you will find that a saber saw does 
a better and faster cutting job and is 
useful for chassis metal work. You will 
also need a quarter-inch drill, preferably 
variable speed. 

The drills shown will handle most of 
the board drilling you will do. | use a no. 
60 drill for all 1C and transistor leads. IC 
pins will fit into number-77 holes but | 
don’t recommend them as you might 
want to remove the component later, and 
the tight fit only makes the job more 
difficult. The rest of the drills needed will 
be in a small drill set. This will cover 
holes for PC board mounting, transformer 
mounting, 2-watt resistors, PC pots and 
the like. 

The awl is used to transfer hole mark- 
ings from a circuit template to the circuit 
board. This is shown in one of the 
photos. Crocus cloth is used to smooth 
the copper side of the board after drilling 
before application of resist ink. 

The soldering iron should have a small 
tip. A device is shown for removal of 
solder in case you get solder in the wrong 
places or want to remove a component 
from a board. A similar tool is sold by 
Radio Shack (no. 64-2085). You can also 
remove solder by using a short length of 
fresh coax braid as a blotter, but since 


fig. 1. A few simple tools are required for 
building your own printed-circuit boards. 


there is some risk of overheating the 
circuit board it is better to equip yourself 
with the proper tools. 


etching stand 


For best results an etching stand is 
necessary (fig. 2). It agitates the solution 
and gives a uniform, faster etching job. 
Fig. 3 shows one lafge enough for almost 


fig. 2. An etching stand is required for best 
results. Complete construction details are 
shown in fig. 3. Floodiamp is used to heat the 
etching solution. 


any amateur project. It consists of a 
1/8-inch aluminum plate (which may be 
cut from an old rack panel) upon which 
the plastic etchant tray is placed. The 
aluminum plate is supported by two 
hinges at its center of gravity and is tilted 
by action of a small electric motor, fig. 4. 
The base is cut from plywood. The motor 
may be from four to eight rpm, such as 
the motors used to operate small animat- 
ed signs. They can be found in stores 
listed in the Ye//ow Pages under ‘’Display 
Fixtures.” Try to locate one with the 
mechanical linkage attached that fits the 
small diameter shaft. The detailed draw- 
ing and photos show construction and 
mounting of the motor mechanism. 

Fasten small aluminum angles or strips 
to each end of the tilting plate so that 
large trays will not slide off the stand. 
Use plastic trays slightly larger than the 
board you intend to etch; this conserves 
etchant. Pyrex baking dishes and photo 
developing trays make good containers 
for the larger jobs. 
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A strong light suspended over the 
etching tray will speed the etching by 
keeping both the board and etching solu- 
tion warm. | use an ordinary clamp-on 
fixture with a 150-watt floodlamp tem- 
porarily clamped to a cabinet above the 
sink. With this setup a board will be 
completely etched in less than ten min- 
utes. 


etching materials 
The photograph shows the etching 


METAL END 
PIECES (2) 
LINK 
COUNTERSUNK 
4-\/2 4 METAL SCREWS 
in. 


TIMER MOTOR 
4-8 RPM 


CRANK 
MECHANISM 


oT) 
yy 
tot 
tha] 


ALUMINUM PLATE || 
1/8 in. MATERIAL 


fig. 3. Construction of the printed-circuit etch- 
ing stand. Sheet of 1/8-inch aluminum can be 
made from an old rack panel. Motor-drive 
system is shown on the right. A closeup 
photograph of the motor drive is shown in fig. 
4. 


materials that | use (fig. 5). There is a 
variety of materials available, and this is a 
matter of preference. | find etching pow- 
der more convenient to store and keep 
several bags on hand. Once mixed, the 
powder should be used immediately as it 
will not keep it’s etching strength. Use 
only as much as you need and seal the 
plastic bag so the etching powder will not 
absorb moisture from the atmosphere. 
The small bag shown in the photo will do 
about three 3 x 6-inch boards and costs 
$1.00. It is sold by Amidon Associates.” 

Of the various substitutes for resist 
such as paint, marking pens, and masking 
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tape, masking tape is the most reliable 
and covers large board areas well. Any 
substitute should be tested on a sample 
board. | use a Kepro RMP-700 resist pen 
which has a fine enough point to mark IC 
pins easily and effectively resists the 
action of the etchant. 

The common brown phenolic circuit- 
board stock, copper clad on one side, is 
satisfactory for anything except preamps 
for vhf or uhf. Epoxy boards should be 
used where better insulation or greater 


4 TO 8 RPM MOTOR 


ai : 


5/32 DIA HOLE FOR NO. 6-32 
SCREW, NUT AND WASHER 


fects 1-3/8 ann 


@®  |LINK 


5/32 DIA (2) 
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une PIVOT 


petit HH 
=== iy 
eae eS 

6-32 TAP MOUNTING HOLES 


strength is required. Unfortunately, 
epoxy boards are relatively hard on drills. 
Double-sided boards are not needed for 
most projects and only make layout and 
component removal difficult. However, 
double-sided boards are used where an 
excellent ground plane is necessary. 

The circuit-board template is made on 
a 10-line-per-inch ruled pad. Most elec- 
tronic components have lead spacings 
that are multiples of 0.10 inch. One-half 
watt resistors require 5 spaces, IC pins use 


*Amidon Associates, 12033 Otsego Street, 
North Hollywood, California 91607. 


1 space, etc., so layout is facilitated by 
using this paper. It may be obtained at 
any stationery store. 


procedure 


All components for the project should 
be on hand so they can be checked for 
size when layout begins. You can save 
here because the layout may be made to 
fit the parts you have, rather than in 
reverse. When you must buy new parts 
get small ones. There is no advantage, for 
example, in getting large 600-volt paper 
capacitors when small 50- to 100-volt 
units will be more than adequate and save 
much space. Always pre-test the parts 
where this is practical. Even experienced 
counter personnel at supply houses will 
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fig. 4. Small electric motor is used to agitate the 
etching stand. 


sometimes misread the color code on 
resistors. Such errors can be difficult to 
detect after the parts are mounted on the 
circuit board. 

Lay out the parts on the board rough- 
ly as they will appear in the schematic 
diagram (fig. 7.). Then, consider the 
layout, move components around in an 
effort to shorten leads, eliminate possible 
feedback, space parts more evenly, pro- 
vide for external connections and reduce 
trail crossovers. This is the most im- 
portant phase of the layout procedure. 
Where possible, refer to the author's 
original layout or photograph. If this is 
not given and the project is too complex 
to visualize as a complete unit, place all 
the components on top of the proposed 


fig. 5. Etching materials are available from a 
variety of sources. 


circuit board and measure the resulting 
area. This will give the size of the board 
needed and the size of the enclosure. 

Now, select the enclosure, if you have 
not already done so. Miniboxes are avail- 
able to fit the majority of small electronic 
projects. Mount the unetched board in- 
side the enclosure. A mounting method 
that works well is to use threaded brass 
spacers like H.H. Smith no. 2372 at each 
board corner. Another simple mount may 
be constructed by running extra nuts on 
long 4-40 or 6-32 machine screws and 
using these for spacers. 


layout 


Now, make the detailed layout. Every 
hole in the circuit board should be shown 
in this layout and every circuit trail 
should be penciled in as it will appear on 
the finished product (fig. 9). It helps to 


fig. 7. Before starting the printed-circuit layout, 
lay out the components on the board roughly 
as they appear in the schematic diagram. 
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UNREGULATED 
INPUT 


9-30V,100mA 


overline a copy of the schematic so that 
nothing is overlooked. Try to keep trails 
as direct as practical, and have a mini- 
mum of crossovers. On your first few 
boards you may find it necessary to scrap 
the first effort and start over, if, during 
the late stages of the layout a better 


arrangements for different packages of 
the same type IC. 

A-sample layout is shown for an AFSK 
generator intended for radio teletype use 
(fig. 6). The tones are crystal controlled 
and provide low distortion output. It is 
not difficult to construct and illustrate 


INPUT 


MARK =O 
SPACE = 1 


OPTIONAL 
AUDIO AMPLIFIER 
TO CHECK RF 
FSK SHIFT 


TERMINALS 
ON BOARD 


-~3dbm_ 2VP-P 


fig. 6. Circuit of RTTY AFSK generator used to demonstrate printed-circuit construction. 


approach occurs to you. This is the time 
to make changes — when they can be 
easily done. 

Keep in mind that the components 
will be mounted on the board with the 
leads facing you as you make the tem- 
plate. The pin arrangements for ICs are 
given as top views, while you will be 
laying out the pin wiring as viewed from 
the bottom. Also, be sure you have the 
pin layout for the particular IC you are 
using because there often are other pin 
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the principles of home workshop print- 
ed-circuit construction. It will be seen 
that the board layout closely follows the 
schematic and only two jumpers have 
been used. A common ground has been 
drawn around the outside edge of the 
board and the metal corner spacers will 
continue this connection to the case. 

A few kinks are useful. The crystals 
may be made to plug in by using contacts 
salvaged from crushed miniature tube 
sockets. They are then spot soldered to 


the circuit board. Faucet washers make 
an effective mount for the 88-millihenry 
inductors. Thread a long 6-32 screw 
through one. The taper of the washer will 


3220 3220 


center the screw and the resilient washer 
material will prevent coil damage. 

An excellent way to connect to circuit 
boards is also shown. Force 1/4-inch 
lengths of no. 12 wire in 5/64-inch holes 
in the circuit board and etch trails to 
these points, under the board. These 


make secure test points or external con- 
nection points at almost no cost. 

After checking, the completed tem- 
plate is taped to the copper side of the 
circuit board and the hole centers are 
transferred to the copper-clad board with 
an awl, using light hammer blows, fig. 10. 
When all holes are marked in this way the 
paper is removed and all marks drilled 
with a no. 60 drill. Larger holes are then 
located and re-drilled to size. Remove all 
drilling burrs with the crocus cloth so the 
board is smooth and ready for the resist 
pen. Avoid coarse sandpaper as it will 
scratch the board and make complete 
application of resist difficult. The etchant 
will later eat through these scratches 
causing hairline opens in the circuit trails. 

The final step before etching is appli- 
cation of resist ink. This only takes a few 
minutes since you follow the trail layout 
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fig. 8. Preliminary  circuit- 
board layout closely follows 


ai the schematic of fig. 6. 


you have previously marked on the tem- 
plate. Make the resist trails solid and 
dark. 

The etching stand is set up and the 
lamp secured in place over it. Mix the 
required amount of etchant in hot water 
and float the board, copper side down, in 
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this solution. The board should be fre- 
quently lifted during the etching process 
to free accumulated air bubbles, fig. 11. 
One way to do this is to attach a small 
enameled wire through existing holes near 
the center so that it may be grasped by 
long-nose pliers. Do not overetch. As 
soon as the board is finished, remove it 
from the tray, turn off the light, and 


>. 
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10-, 2-, and 1-kHz outputs would be 
available. The lowpass filter would not be 
used. 

Perhaps you need a no-drift audio 
oscillator. Crystals could be selected by 
plug-in or by rotary switch and different 
filters switched in as needed. Such an 
oscillator would not drift even one hertz 
and would have excellent distortion char- 


fig. 9. Detailed layout of the AFSK generator circuit board. 


wash the board with cool water. Scrub 
the resist ink off with steel wool. The 
used etchant will be greenish in color and 
hot. Handle it carefully, dump it down 
the drain, and immediately flush with 
plenty of water. 


weekend project 


This audio frequency shift keyer is an 
example of the type of equipment you 
can rapidly assemble on your own circuit 
boards. Though designed for teletype, 
with slight modifications the same circuit 
may be used as a crystal calibrator or as a 
high precision audio oscillator. As a 
crystal calibrator only one 7400 IC would 
be needed, a crystal zeroing trimmer 
added, and a rotary selector switch install- 
ed to tap into different points in the 
7490 divider chain. Each 7490 IC divides 
by 5 and then by 2. The divide-by-5 point 
is at the strap between pins 11 and 14. 
With a 1000-kHz crystal, 200-, 100-, 20-, 
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acteristics. If you want to divide the 
crystal frequency by some other factor, 
the 7492 IC will divide by 2, 6 and 12; 
the 7493 IC will divide by 2, 4, 8 or 16 
without changes. 

As an AFSK keyer, this unit has 
excellent performance at low cost. The 
original design by WB8AAK used RTL 


fig. 10. Component mounting points on the 
paper layout are transferred to the copper-clad 
board with an awl. 


logic. However, the price of TTL devices 
has dropped so much that it was worth- 
while to re-design the circuit to use TTL. 
The two 7400 gates are 22 cents each and 
the 7490 decade dividers are only 90 
cents each, bringing total logic cost to 
$3.14. It does not require a counter to set 
up or adjust. 

Even the most inexpensive crystals 
may be used. JAN stocks the 2125- and 
2976-kHz crystals for $1.75 each. Use of 
a 2976-kHz stock crystal instead of the 
nominal 2975-kHz crystal only results in 
a one hertz error in output frequency 
which is undetectable for most purposes. 
The remaining crystal — the 2295 kHz 
unit for 170 shift — may be custom made 
for $3.00. Everything used in the genera- 
tor is available from advertisers in ham 
radio. Note that IC supply house prices 
will be higher than those quoted, which 
are for surplus devices. 

Transistors are another item that may 
vary considerably in price depending on 
source. Feel free to substitute. There is 
nothing critical about the two transistors 
used in this unit except that they must be 
silicon types. There are dozens of transis- 
tors which may be used. Two types are 
given as examples. 


the circuit 


Both crystal oscillators run continu- 
ously. Sections of the 7400 ICs gate the 
oscillator output desired to the 7490 
divider string. The output of the 7490 
dividers is a square wave which aids in 


we 
fig. 11. After inking in the circuit traces with 
the resist pen the board is placed in a tray of 
etching solution. 


filtering. The TTL dividers are powerful 
enough to drive the filters and output 
directly. With the recommended 5 volts 
on the TTL devices the current drain is 
100 mA. The input to the LM309K 
regulator should be connected to a dc 
voltage source of from 8 to 30 volts. This 
may be an existing unit or built for this 
purpose. The output level is adjustable 


fig. 12. Completed audio-frequency shift keyer 
board provides crystal-controlled, low-distor- 
tion audio tones. 


from -3 dBm down to any value to suit 
your transmitter. 


performance 


The completed keyer run through 
checks to verify its performance. The 
generator was keyed with a 100-Hz 
square wave and observed on a dual-trace 
scope to confirm equal mark and space 
audio levels and good keying (see fig. 13). 
Filter ringing accounts for the small 
transient | observed. Frequency measure- 
ment with a digital counter confirmed 
that output frequencies were accurate to 
the hertz. Several crystals were tried to 
confirm this. 

Audio distortion was then measured 
on a Hewlett-Packard distortion analyzer 
with some interesting results. Harmonic 
distortion measured only 0.25% at 2975 
Hz but 3% at 2295 Hz and 4.2% at 2125 
Hz. Scope analysis of the distortion pro- 
ducts showed them to be almost entirely 
third harmonic, as was expected. Obvi- 
ously, the filter was doing an excellent 
job at 2975 but only fair at 2125 Hz. The 
filter design was an old standard and had 
been used in the original design and other 
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TEMPO — KENWOOD 
NEW-TRONICS 


Best values at best prices. Available 


in Cleveland, Ohio at 


COMMUNICATIONS WORLD, INC. 
4788 STATE RD. 44109 
(216) 398-2955 


ALSO STOCKING A/S, ASTATIC, 


CDE, CLEGG, CUSHCRAFT, PACE, 
REGENCY, STANDARD, & TEN-TEC 


G. C. & CALECTRO PARTS. 
SAMS, & ARRL PUBLICATIONS 


— PCB KITS — 


RTTY SPEED Vase tethna Drilled PCB 5&11VDC 340: 00 
DRILLED PCB 0 $ 6.00 
RTTY AFSK Gen. All ‘Shifts & CWI.C. 9 VDC @ 2ma $6 60 
100 KHz XTAL CALIBRATOR Less Xtal 9 VDC @ 2ma $4.75 
100 KHz XTAL (Limited Supply) $2.50 
PREAMP MICROPHONE, 26 DB Gain 9 VDC @ 1lma $3.50 
LIMITER PREAMP For High Z Mike 9VDC @1ma $4.80 
PRODUCT DETECTOR For Your Receiver 9 VDC @ 1ma $3.60 
“S’’ METER KIT Less 1ma Meter 6.3VAC $4.75 
SWR METER, Stripline, Less 200ua Meter $2.95 
WWV CONVERTER 3.5-4.0 MHz Output 9 VDC @ 5ma $5.25 
Requires 6-6.5MHz Crystal 
6 MEIER CONVERTER FET Front End vi Pigs @ 5ma $5.95 
7-11 MHz Output, Less 43 MHz X 
CW KEYING MONITOR, RF Keyed, Less en 9 VDC ee 9ma 
70 
1I5VAC $4. 85 


POWER SUPPLY - 9 VDC @ 50ma Output 

6 OR 2 METER CASCODE PREAMP 80 VDC @ 4.5ma $4.95 
Wired & Tested Less 2 ea 6CW4 
Nuvistors, Specify 6 or 2 Meter Model 

DRILLS, #54, 56, 58 or 60 each) $.40 
Finest Quality for PCB’ S, Made in USA Three ee $1.00 


EXCEPT AS NOTED ABOVE, ALL KITS ARE NEW, 
100% SOLID STATE. AND COME COMPLETE WITH AN 
UNDRILLED G-10 PCB (PRINTED CIRCUIT BOARD) AND 
ALL PCB MOUNTED COMPONENTS. KITS ARE LESS 
POWER SUPPLIES, CHASSIS, AND ENCLOSURE HARD- 
WARE. SEND SELF- ADDRESSED, STAMPED ENVELOPE 
FOR COMPLETE DATA SHEET AND SCHEMATIC. 


SATISFACTION GUARANTEED.° RETURN IN 30 DAYS 
FOR REFUND. ALL KITS POSTPAID. INCLUDE 25¢ 
HANDLING CHARGE. WASHINGTON RESIDENTS ADD 
5.3% SALES TAX. 


P. M. ELECTRONICS INC. 


519 SOUTH AUSTIN, SEATTLE, WASH. 98108 
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highly regarded AFSK keyers when §50 
shift was popular. 

However, 850 shift is now becoming 
obsolete. If you use only 170 shift, a 
minor modification of the lowpass filter 
will give excellent distortion character- 
istics. Simply add one .022-uF capacitor 
across each of the .033-uF capacitors in 
the filter. The distortion will then mea- 
sure 1% at 2125 Hz (mark) and 0.7% at 
2295 Hz (space) frequencies. This is good 
enough so that it may be used with any 
filter-type ssb transmitter. 


fig. 13. Audio output of AFSK unit provides 
excellent waveform continuity between mark 
(2295 Hz) and space (2975 Hz). 
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NEW 


Improvements 
for better 
than ever 

performance. 


feature 
this one... 


On top of your tower, the 
exciting Structural Glass 
GEM-QUAD* for 10, 15 
and 20 meters. 


A two element fibre glass 
quad antenna designed for 
better signal discrimination & 
directivity on 10, 15 & 20 
meters! 


@ Stronger Arms (closer wound). 
@ Strong alloy RF wire. 

@ Improved quality nylon straps. 
@ UV resistant. 

@ Low wind resistance 


(2.4 sq. ft.) 


1. Non-corrosive fibreglass con- 
struction. 


2. Double ‘‘Cone-shaped’” de- 
sign maintains critical measure- 
ments under severe weather 
conditions. 


3. Lightweight (complete anten- 
na weighs approximately 22 Ibs.) 


4. Simple T.V. Rotator will ro- 
tate antenna. 


5. Maximum front to back ratio 
and side discrimination. 


6. Maximum capture area. 
7. Low angle radiation. 


8. Forward gain for 2 element 
quad 8db. 


9. Optional 3rd element easily 
installed with no conversion re- 
quired. Forward gain up to 8.9 
db on DX. 

10. Single 52 ohm feed line to 
all bands. 

11. No switches or coils re- 
quired. 

12. Low SWR easily obtained. 
13. Arm mounts designed for 
exact element spacing and opti- 
mum performance. 

14. Nylon tension wire holders 
eliminate wire strain and break- 
age. 

15. Designed to withstand high 
winds. 


Includes U.S. Customs Import Duty or 


$107 Two $6 Extra 
Element Element Canadian Federal Sales Tax. Shipped Col- 


Quad 
* Patented 


lect. Please include check or M. O. with 
your order. 


STRUCTURAL GLASS 


LIMITED 


20 BURNETT AVENUE 
WINNIPEG, MANITOBA 


USE CHECK OFF ON PAGE 110 FOR FULL DETAILS 


speed standards 
for 


How to use 
standard words 

to determine 

the words-per-minute 


speed of your keyer 


In the formation of the International 
Morse code.used by amateurs, there are 
two basic sounds and three basic spaces: 
the dot, which is 3 time-unit or baud, 
the dash, which is 3 bauds, a space 
between each element of a Morse charac- 
ter, which is one baud, a letter space of 3 
bauds and a word space of 7 bauds. 
Numerals are separated in the same 
way, and punctuation is preceded by a 
3-baud space and followed by a 7-baud 
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Gaspard Lizee, VE2ZK, 135 Carillon, Sherbroke, Quebec, Canada 


international morse code 


space. Therefore, the letter E, one dit, 
consists of two bauds — a one-baud sound 
plus a one-baud space. The letter T, one 
dah followed by a one-baud space, con- 
tains four bauds. With this in mind, the 
ratio of the dit with its space to the dah 
with its space is 1:2. 


counting words per minute 


If you key a string of dits for one 
minute at a constant rate to obtain a total 
of 25 dits you have used 25 bauds for 
sounds and 25 bauds for spaces, for a 
total of 50 bauds in 60 seconds. This rate 
represents one word per minute. If you 
only count the number of dits, dividing 
that total by 25 will also give you the 
keyer speed in words per minute. 

However, it’s much easier to count 
dahs, particularly at higher speeds. Since 
the ratio of dots to dashes (including 
spaces) is 1:2, simply count the number 
of dahs per minute and divide that total 
by 12.5 to arrive at the equivalent speed 
in words per minute. 


adjusting your keyer 


To obtain the proper ratio of dots to 
dashes first count the number of dits per 
minute. Then adjust your keyer so you 
have exactly half the number of dahs in 
the same time span. When this is done 
your keyer is properly adjusted, including 
the spaces. For example, if you key a 


string of 250 dits in one minute, you 
must adjust your keyer to provide 125 
dahs in one minute to provide the proper 
timing ratio. 

To arrive at the word-per-minute speed 
of this keyer setting simply divide the 
250 dits by 25 (or the 125 dahs by 12.5) 
to arrive at 10 words per minute. To 
calibrate the speed dial for other speeds 
simply count the number of dahs in one 
minute and divide by 12.5. If you want 
to use less than one minute, count the 
number of dahs in 24 seconds and divide 
by 5 — it will give you the same result. 


automatic keyers 


Automatic Morse Keying heads used 
by the FCC and ARRL are adjusted to a 
50-baud word standard. That standard 
word is PARIS. If the speed of the 
automatic keyer is set to send the word 
PARIS ten times in one minute, the 
sending speed is exactly 10 words per 
minute. 

If you count the total number of 
bauds in PARIS you come up with a total 
of 50: 


2— =) P, 8.bauds sound 
3 bauds element space 
3 bauds letter space = 14 bauds 


-— A 4 bauds sound 
1 baud element space 
3 bauds letter space = 8 bauds 


-—- R 5 bauds sound 
2 bauds element space 
3 bauds letter space = 10 bauds 


2 bauds sound 
1 baud element space 
3 bauds letter space = 6 bauds 


S 3 bauds sound 
2 bauds element space 
7 bauds word space = 12 bauds 


total 50 bauds 


Any other word that has a total of 50 
timing units could also be used for the 
same purpose. It doesn’t matter if it has 


more or less letters so long as it contains a 
total of 50 bauds. 


military stations 


Most military stations use a standard 
60-baud word to set the speed of their 
keying heads, using the standard word 
CODEZ for this purpose. If you count 
the number of bauds in CODEZ you will 
come up with a total of 60. 

With a 60-baud standard, the number 
of words per minute appears to be much 
faster. If you want to experiment a bit, 
listen to an automatic Morse station that 
announces its code speed. Copy the sta- 
tion for one minute, count the total 
number of bauds, and divide by 50. 
You'll quickly find out what standard 
they use for setting up their keying heads. 

The ARRL_ code-practice sessions 
transmitted by W1AW, for example, are 
based on a 50-baud standard. For com- 
parison, try to copy WAR on a Tuesday 
evening — it will be much faster than the 
announced speed. It takes only a minute 
to figure out that 10 words per minute 
using the 50-baud standard is only 8.33 
words per minute with a 60-baud stand- 
ard. 

The two different standards are a 
result of two different types of trans- 
mission. Most military stations transmit 
5-letter code groups; amateur radio opera- 
tors transmit clear text which uses a 
larger number of the letters E and I. The 
two different standards compensate for 
this difference. 

The difference in words per minute 
with the two standards increases marked- 
ly at higher speeds. Sixty words-per- 
minute clear text (50-baud base) is equiv- 
alent to 41.66 words per minute of coded 
letter groups (60-baud base). This is 
probably very near the upper possible 
limit that a human ear is able to differ- 
entiate. The current world record, held 
by the late Ted McElroy, is 75.2 words 
per minute. This might stimulate some- 
one to suggest a new award, ‘The Ted 
McElroy Gold Medal.”” Anyone inter- 
ested? 

ham radio 
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5/8-wave whip 
for 2 meters 


A standard 102-inch Citizens Band 
whip can be easily converted into either a 
fixed station 5/8-wave groundplane or an 
effective mobile gain antenna. Gain for 


JUMPER 


RADIAL 


fig. 1. A 5/8-wavelength 
whip antenna for two 
meters. The radials are 
horizontal, not angled 
down toward the 
ground. 


STRAP IRON 


GROUND 
RADIALS 


either antenna was measured at about 2.5 
dB over a quarter-wave groundplane. 
Both antennas are electrically sound and 
do not have mechanical joints to corrode 
and break down. The overall view of the 
home-station version is shown in fig. 1, 
and the mobile version in fig. 2. 
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For the home-station groundplane, 
measure down 52% inches from the 
antenna’s tip and place the antenna ina 
vise. Using a torch (propane does well), 
heat the whip cherry red and bend a 90° 
angle when the metal will allow itself to 
be bent without undue force. Using a jig 
made from 2-inch diameter pipe (fig. 3), 
bend the coil slowly while constantly 
applying heat. Bend 1% turns with at 
least ’4-inch spacing and finish the coil so 
that the straight section of the antenna 
below the coil is lined up with the longer 
section above the coil. Leave 2 inches of 
wire below the coil and remove the rest. 

The antenna base is made from a 
seven-inch section of 3/8-inch by 2-inch 
galvanized flat iron. Drill the flat iron as 
shown in fig. 4 for an SO-239 coax 


— 


a 172 in. 


JUMPER FOR BEST SWR —— 
SILVER SOLDERED 


Cae in. DIA COIL 
1/2 in. SPACING 


2 in. 
en | 


ane 


fig. 2. Using the 5/8-wavelength antenna for 
mobile operation. 


BELLMOUNT NUT 
SILVER SOLDERED 


connector and its mounting screws. Be 
sure to ream out the underside of this 
hole to allow the connector to sit flush 
with the flat iron. Drill 1/8-inch holes for 
the ground plane elements and the whip. 
Heat the iron and make a 90 degree bend 
as illustrated. 

Cut three ground radials from 1/8-inch 
round rod such as galvanized lathers 
ceiling rod. Each radial should be 
19-inches long. Insert them into the three 
holes drilled into the side of the bracket 
and bend the two side radials so there is 
120° spacing between all three radials. 
Insert the whip into its mounting hole 
until its bottom is flush with the bottom 
of the hole. Weld or silver-solder the whip 
and the radials in place. Install the coax 
connector and solder a short length of 
solid number 12 copper wire to the 
center pin (this will go to the tap on the 
base coil eventually). 

The rest of the procedure is simply 
tuning and pruning. Wrap the free end of 
the copper wire about one half turn from 
the bottom of the coil and, with a vswr 
meter in the feedline, adjust the tap point 
for best swr. Trim the end of the antenna 
by filing a notch and breaking off about 
1/8-inch of rod at a time. By working 


V\y " BLOCK OF WOOD TO ACT 
A AS STOP WHEN BENDING 
dl 


NOTCHED TO 
TAKE WHIP 


2 in. DIAMETER 
PIPE 


ae 


fig. 3. Jig used for bending the base coil (see 
text). 


back and forth between readjusting the 
tap and trimming the antenna length, you 
should be able to tune the antenna for 
zero reflected power. At this time, silver- 
solder the copper wire to the coil. Seal 
around the coax connector and around 
the copper wire with silicon seal to 
protect your rf feedline in case of heavy 


RADIAL lin 
ae Lees : 
Ss 


A v 


DRILL 178 in. DIA HOLE 
3/8 -1/2 in. DEEP (. 


172 in. DIA-TO FI 
REAM BOTTOM OF| 
TO CLEAR CONNE' 


fig. 4. Construction of the antenna base. Hori- 
zontal radials are installed and welded in place. 


rain or ice build up. It is also worthwhile 
to paint any spots that might have been 
exposed to excess heat in the construc- 
tion. Simply mount the base to your 
tower or mast. 

A mobile version of this antenna is 
made in basically the same manner. The 
radiator (after the coil) is cut to 
A8%-inches rather than 52%-inches, and 
the base of the coil is connected to an 
ordinary bell mount. The base coil is 
wound just like the home-station version. 
The mobile antenna is not a grounded 
system, however. It is tuned for minimum 
vswr by adjusting the tap point for a 
short jumper from the junction of the 
base of the radiator section and the top 
of the coil to a point on the coil. In my 
case, by juggling the antenna length and 
the tap point, | found the best tap point 
by shorting about 1% turns. Silver solder 
the jumper in place. 

John Dobroshinsky, VE3DDD 
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ssb detector 


Dear HR: 

Regarding the ssb detector circuit on 
page 68 of the December, 1972, issue of 
ham radio, the tuning capacitors required 
to resonate the Collins filter at 455 kHz 
are omitted, which will result in a sub- 
stantial insertion loss. The input imped- 
ance at pin 1 of the CA-3028 is specified 
at from 3k to 5k ohms and the imped- 
ance at the source of the MPF102 is 
approximately 2.7k ohms. The lack of 
matching to these impedances will result 
in shape and ripple degradation. There- 
fore, it would be necessary to provide 
proper matching for either series reso- 
nance of the filter which is 600 ohms, or 
parallel resonance at 100k ohms. 

Also omitted is the required bypass 
capacitor from the drain of the MPF102 
to ground. 

M.H. Gonsior, W6VFR 
Fullerton, California 


As | pointed out in my article, there 
are quite a few things left out. WEVFR 
has found them. 

! do not have any data on the Collins 
filter and when | breadboarded the circuit 
back in March, 1972, | felt such a sense 
of urgency that | did not stop to investi- 
gate the impedance of the filter. Now 
that | have been given the impedance 
values, finding the capacitor values will be 
easier. 

The gain of the amplifier was marginal; 
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. comments 


however, | was testing the detector, not 
the amplifier. It is too bad that | have 
already disassembled the circuit. It would 
be interesting to see how much of an 
improvement could be gained by match- 
ing the impedances. 

In the circuit, the MPF102 and the 
NE567B were physically close together 
and the 0.5 uF capacitor shown near the 
IC served as a bypass capacitor for both 
devices. 

Max Robinson, K40DS 


touch-tone 
modification 


Dear HR: 

| have not had a single transistor 
failure due to the mobile touch-tone 
circuit as originally presented in the 
August, 1972 issue of ham radio. How- 
ever, | will admit that WB8NAT’s change 
was better. 

The following addition to the unit, one 
which | did not think of originally, will 


TONE 
BURST 


fig. 1. Improved Touch-Tone circuit. 


prevent any filter capacitors from charging 
up, discharging, then re-charging after the 
+12 volts dc has been removed. In short, 
the switch labeled burst/pad for dc 
switching is changed to a dpdt switch 
rather than a center-off spdt unit. The 
improved circuit is shown in fig. 1. 
Bill Lambing, W@LPO 
Marion, lowa 


satellite 
communications 


Dear HR: 

In the satellite communications article 
by K1TMA in the November, 1972, issue 
the comment concerning antenna gain on 
page 55 states: ‘The primary concern of 
the system loss formula is to know the 
amount of rf gain there is in a particular 
array in the desired direction of transmis- 
sion, relative to half-wavelength dipole or 
that hypothetical antenna, the isotropic 
source.” 

Actually, there is a 2.14 dB theoretical 
gain that a dipole has over an isotropic 
radiator, so to be on the level in calcula- 
tions the isotropic radiator should always 
be chosen as the reference antenna. This 
will entail a knowledge of the gain-over- 
isotropic of a particular array. It should 
be borne in mind that some handbooks 
use gain over isotropic, while others, 
notably the ARRL VHF Manual, use gain 
over an ideal dipole. Most commercial 
manufacturers use gain over isotropic in 
the specification sheets. In any case, use 
of the system loss formula in engineering 
fashion means referencing all antennas to 
the point source or isotrope. 

Another point not specified is the 
reference for computing transmitter out- 
put power in dB; power output should be 
specified in dBW, or dB above 1 watt. 


+5V +5V 
O O 


fig. 2. Block diagram of the sstv synch generator. 


While this parameter is not specified in 
the system loss formula, it is nonetheless 
important; the result of the system loss 
formula, as indicated in the article, will 
be a large negative number in dB. Thus, 


S+N 
N 


where LS is system loss, Po is power 
output in dBW, S is effective receiver 
sensitivity in dBm, and (S + N)/N is the 
required signal to marginal communica- 
tions (use 3 dB for CW, 6 GB for ssb). 
P.H. Bock, Jr. KA4MSG 
Avon, North Carolina 


LS + =P5t+S 


sstv synch generator 


Dear HR: 
| have just finished reading WA2EWO’s 
article on the sstv synch generator, and in 
my opinion, the design is too costly and 
complex. | have a similar unit which is 
built on a piece of Vector board, 2 x 5 
inches. Total cost for all the ICs is $4.04 
including three 74121 single-shots, one 
7473 divide-by-four, one 7490 divide-by- 
ten and one 7492 divide-by-12 con- 
nected as shown in fig. 2. The cost of 
WA2EWO’s synch generator is nearly 

$20. 

Gordon P. Stanys, W1IA 
Stamford, Connecticut 


ADJUST PULSE WIDTH FOR 


+5V 
5 5 MILLISECONDS -H SYNC 
==) 


+V SYNC 
—o —o 
ADJUST POT FOR PULSE WIDTH 
OF 300R50 MILLISECONDS 

-V SYNC 


april 1973 73 


Data Engineering’s reprogrammable 
memory keyer has been improved and 
updated. The Memory-Matic 500-B today 
features a choice of 500-bit or 800-bit 
memory and provision for remote control 
of the message start and message stop 
function. The dot to dash weight ratio is 
also completely variable and the type of 
keying is selectable — choosing, dot 
-memory only, dash memory only, no 
memory operation or full dot and dash 
memory operation — all with or without 
automatic character and word spacing. 

A memory stop switch allows the 
insertion of some information in the 
midst of a list of sequential memory 
transmissions. An example of this opera- 
tion would be the manual insertion of a 
station’s signal report in a preprogram- 
med message including a greeting, your 
location and your name. 

The unit features iambic squeeze key- 
ing, built-in adjustable monitor and 
speaker, rf-proofing, and built-in 117 Vac 
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power supply. The new keyer sells for 
$198.50 with a 500-bit memory repro- 
grammable memory or $219.50 with an 
800-bit reprogrammable memory. Full 
details on all the features of this new 
keyer are available from Data Engineer- 
ing, Inc., Ravensworth Industrial Park, 
5554 Port Royal Road, Springfield, Vir- 
ginia 22151 or by using check-off on page 
110. 


sub-audible encoder 


The new Tobel CTCSS encoders fill 
the void for a low cost, sub-audible, 
miniature tone encoder and are ideally 
suited for mounting in solid-state tran- 
sceivers, as well as, larger tube-type 2-way 
radios. Extensive field tests have proven 
the CTCSS encoders to be superior in 
both design and performance to older 
mechanical reed-type devices. Tobel en- 
coders provide faster starting time, lower 
power consumption and immunity to 
damage from mechanical vibration. Low 
power consumption (2.5 mA at 12 V) 
and small size make Tobel encoders a 
natural for small hand-held transceivers 
and other battery operated communica- 
tions equipment. Minimal effort and ex- 
pense is required to convert your FM 
radio to sub-audible tone coding. 

CTCSS (Continuous-Tone, Controlled 
Squelch System) makes possible positive 
repeater access and receiver squelch con- 
trol under conditions of high noise, weak 
signals, and mobile flutter. CTCSS en- 
coders are available for any EIA code L1 
thru 7A as standard units and must be 
specified when ordering. Non-standard 
frequencies are available on special order. 


More Details? CHECK—OFF Page 110 


For more information, write to Tobel 
Electronics, 7920 Alida Street, LaMesa, 
California 92041, or use check-off on 
page 110. 


solid-state 
high-frequency 
ssb transceiver 


Swan Electronics has just introduced a 
full line of completely solid-state ssb 
transceivers for use on 80 through 10 
meters. Models are available for 200, 100 
and 15 watts PEP ssb, and all trans- 
ceivers feature all solid-state, broad- 
band transmitting circuits, as well as full 
coverage, 80 through 10 meters, CW and 
ssb. The new Swan solid-state transceivers 
have built-in VOX and a built-in noise 
blanker with variable blanking control. 
The transmitter circuits, which require no 
tuning, have infinite vswr protection from 
an open to a short circuit, so it’s impos- 
sible to damage the final power transistor 
because of poor antenna matching. 

Receiver sensitivity for the solid-state 
Swan transceivers is less than 0.5 micro- 
volt at 50 ohms impedance for a signal- 
plus-noise-to-noise ratio of 10 dB. Mini- 
mum image rejection is -55 dB at 30 
MHz, increasing to better than -75 dB at 
3 MHz. Audio response is essentially flat 
from 300 to 3000 Hz +3 dB. Audio 
output, to an external 3.2-ohm speaker, is 
4 watts with less than 10% distortion. I-f 
selectivity is provided by a 2.7-kHz wide 
crystal filter with a 1.7 shape factor. 

In the transmit mode the unwanted 
sideband is down more than 50 dB and 
the carrier is suppressed greater than 60 
dB. Distortion products are approximate- 
ly -30 dB. Transmitter output impedance 
is 50-ohms nominal. An audio sidetone is 
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DONT VOOL 
AROUND -! 
Ask about my 


HI-SAVINGS PLAN-SAVE 


NO FOOLING! Real Bargains f 
GREAT performance-521 
Astatic:Hi-Z ceramic & 
coil cord, PTT. $5.95 post 
paid in the USA, 

AMECO 2 meter 
filter reduces 
TVI and receiver 
cross-mod. A 
value at $9. 95 

p. paid. 


NOVICE -VFO 
Wired , solid-state modules 
to make a VFO/QRP Xmitr. 


As low as $17.40 , less case 
eter 


Especially for ''hams'' 


CALL: Tues. /Sat. eee sn 
Al McMillan WG@JJK 
(712) 323-0142 
WRITE: HOBBY INDUSTRY 
4HRBox 864 
Council Bluffs, lowa- 51501 
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SUPER CRYSTAL 
THE NEW DELUXE DIGITAL 


SYNTHESIZER !! -rou Fp 


sPrur 


TRANSMUT FRE 
move 


~”MFA-22 DUAL VERSION 
Also Available MFA-2 SINGLE VERSION 


Transmit and Receive Operation: All units 

have both Simplex and Repeater Modes 

e Accurate Frequency Control: .0005% ac- 

curacy 

Stable Low Drift Outputs: 20 Hz per degree 

C typical 

» Full 2 Meter Band Coverage: 144.00 to 147.99 

MHz. in 10KC steps 

Fast Acting Circuit: 0.15 second typical set- 

tling time 

e Low Impedance (50 ohm) Outputs: Allow long 
cable runs fcr mobiles 

e Low Spurious Output Level: similar to crystal 


output 
SEND FOR R, . 
FREE DETAILS Electronics 
Prices MFA-2 $210.00 BOX 1201H 
MFA-22 $275.00 CHAMPAIGN, ILL. 


Shipping $3.00 extra 61820 


HEADQUARTERS 
FOR 
SOUTH FLORIDA 


OFFERS YOU CRYSTALS 
AT A PRICE 


YOU CAN AFFORD! 


for 
DRAKE SBE 


SWAN 
REGENCY 


ALL $3.25 ea. 


INOUE 
STANDARD 


TRANSMIT OR RECEIVE 
prepaid USA 


EMPORIUM SOUNDS OF POMPANO 
51 North Federal Highway 
Pompano Beach, Florida 33060 
305-782-3464 
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provided to CW monitoring, and CW 
keying is equivalent to grid-block keying 
and features semi-break-in with VOX. 

The vswr protection circuit cuts out- 
put power by 20% when the vswr is 3:1 
or higher. Under these conditions, infinite 
vswr protection is provided, including 
open or short circuits. 

Three models are available, the 
SS-200, with 200 watts PEP ssb minimum 
on all bands and 200 watts dc input on 
CW; the model SS-100, 100 watts PEP 
minimum on ssb and 100 watts CW; the 
model SS-15, 15 watts PEP minimum on 
ssb and 15 watts CW. All transceivers are 
designed for 13.5 Vdc power supplies, the 
nominal supply voltage of a 12-volt auto- 
mobile system. All units require 500 mA 
in the receive mode. For ssb transmission, 
the SS-200 requires 6 amps average; the 
SS-100, 3.5 amps average, and the SS-15, 
800 mA average. For CW operation, the 
current drain is higher, being 20, 11 and 2 
amps respectively for the SS-200, SS-100 
and SS-15. Accessory power supplies are 
available for operation in the home sta- 
tion from 117 Vac utility lines. 

Other accessories include the SS-208 
external vfo for split-frequency opera- 
tion, the 610X crystal-controlled oscil- 
lator, the SS-16B 16-pole super-selective 
crystal filter with a 1.28 shape factor, and 
the SS-1200 1200-watt PEP linear ampli- 
fier using four 6LO6 tubes for 117-Vac 
operation. 

The SS-15 ssb transceiver is priced at 
$579.00. The SS-100 is $699.00, while 
the SS-200 is $779.00. The 1200-watt 
SS-1200 linear amplifier is priced at 
$299.00. 

For more information, write to Swan 
Electronics, 305 Airport Road, Ocean- 
side, California 92054, or use check-off 
on page 110. 


great circle charts 


As a_ service to radio amateurs 
WB5CBC is making available, to amateurs 
anywhere in the world, a comprehensive 
chart of great-circle bearings to 660 loca- 
tions throughout the world for the un- 
believable price of $1.00, postpaid. These 
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charts, which are a handy 8% by 11 
inches, contain great circle bearings to the 
nearest degree, distances in miles and 
kilometers, and return bearings. Direc- 
tional accuracy of the charts is to the 
nearest degree while distances are to the 
nearest mile and kilometer. 

The magnetic bearing is not given on 
these charts because magnetic declination 
at any location varies from year to year, 
sometimes as much as 10°. It is easier to 
zero your antenna on true north (using 
the North star) and forget it. 

The return bearing, a particularly use- 
ful feature of this chart, is the bearing 
from the distant location to your station. 
The return bearing is not a simple 180° 
difference from the outward bearing, but 
must be derived through spherical trigo- 
nometry. The ability to give a station 
being worked the correct bearing for 
aligning his antenna will produce results 
which are nothing short of amazing. 
When the chart indicates a distance great- 
er than 8000 to 10,000 miles, the long 
path, which is simply 180° opposite the 
indicated bearing, can be considered. The 
same is true for the return bearing. 

Charts consist of six pages and are 
available for any location in the world. 
To order a chart, the following informa- 
tion is needed: 


1. Name and postal address. 


2. The city for which the chart is 
wanted (include state and/or country). 


3. If the population of the city is less 
than 10,000 or if the location is a rural 
area, also include the latitude (indicate 
north or south) and longitude (east 
or west) in degrees and minutes. 


4. Include payment of $1.00 (postpaid 
worldwide) or $1.75 (airmail world- 
wide). Cost to overseas stations is 7 
IRCs (12 IRCs for airmail). 


Send your order to William D. Johnston, 
WB5CBC, Great Circle, 1808 Pamona 
Drive, Las Cruces, New Mexico 88001. 
Queries for additional information should 
be accompanied by a_ self-addressed, 
stamped envelope. 
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CRYSTAL 
FILTERS 
and 
DISCRIMINATORS 


Unfortunately, due to uncertain- 
ties left by the dollar devalua- 
tion, we cannot quote prices in 
this ad. Please write directly or 
use check-off to get our latest 
quotations. 


VHF UHF 


HIGH POWER 
VARACTOR 
M.M. TRIPLERS M.M. 


MMv 432 


INPUT: 140-153 MHz 
20 watts max. 


$69.95 


OUTPUT: 420-459 MHz 
12 watts min. 


MMv 1296 


INPUT: 420-459 MHz 
12 watts max. 


$79.95 


OUTPUT: 1260-1377 MHz 
6 watts min. 


2 SPECTRUM 

INTERNATIONAL 
BOX 1084 CONCORD 
MASSACHUSETTS 01742 
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ALPHA TT ia 


Featuring the new Giant from Eimac, 
the 8877, with 1500 watts of plate 
dissipation: $1495. 


Warranty: One Year 
Power Supply - Two Years 


Phone/write DON PAYNE, K4ID for a bro- 
chure, and a King-Size trade on your gear. 


Days (615) 384-5573 
Nites (615) 384-5643 


PAYNE RADIO 


BOX 525 
SPRINGFIELD, TENN. 37172 


ELECTRONICS 


P.O. BOX 1672 
VISTA, CA. 92083 
714-726-1313 


This New Frequency Counter has the follow- 
ing Specifications to recommend it: 


Direct Counting: 10Hz to 80MHz guaranteed 
(1Hz to over 100MHz typical) 


10MHz xtal time base 
Readout: 5 digit LED plus over-range 
Input Sensitivity: 100 millivolts max. on any freq. 
Input Impedance: 1MQ paralleled with 15pf. 
Power Requirement: 120VAC or 12VDC 
SMALL SIZE 2144”H, 514/W, 634//D. 
Guarantee 1 year all parts, 90 days labor 


PRICE $250.00 


FOB Vista, Ca. 92083 


Y & € ELECTRONICS 


P. O. Box 1672, Vista, CA. 92083, 714-726-1313 
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inspection lamp 


Put an end to the frustration of 
attempting to look into a small opening 
while shining a flashlight into that same 
opening. This ultra miniature 
grain-of-wheat inspection lamp can be 
inserted into the opening and will illumi- 
nate the entire interior without blocking 
your vision. It can be used in the repair of 
radio equipment, typewriters, engines and 
other mechanical gadgets, as well as the 
inspection of gun barrels, dies, machined 
parts, plumbing, etc. 

The price for the inspection lamp and 
flashlight is $2.50 postpaid. Write to 
Spacetrom, Box 84, Broadview, Illinois 
60153, or use check-off on page 110. 


mobile gain antenna 


The new Antenna Engineering M-series 
antenna is a full 5/8-wavelength vertical 
whip with a bottom-load matching trans- 
former which is designed for vehicle 
mounting. The adjustable threaded bush- 
ing allows for either roof-mounting or 
mounting through double-panels. The 
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matching transformer is encased in a 
fiberglass sheath which is nearly indes- 
tructable. The whip is of 1/8-inch 
spring-temper type 302 stainless steel; the 
coil tip unscrews. to accept a 
chrome-plated spring (optional at extra 
cost) for severe service applications. 

This antenna is available for all ama- 
teur and commercial frequencies in the 
140-175 MHz, 220-225 MHz and 420-470 
MHz bands. The M-series antennas are at 
de ground for dissapation of static, and 
are supplied with 20 feet of type 
RG-58A/U coax and ugf connector. 
Prices range from $16.95 for the 140-175 
MHz version to $15.95 for the 420-470 
MHz version. For more information, 
write to Antenna Engineering Company, 
Inc., Box 19449, Indianapolis, Indiana 
46219, or use check-off on page 110. 


solid-state 
ssb radiotelephone 


Stoner-Goral Communications has in- 
troduced their new ssb radiotelephone. It 
is believed to be the first all solid-state 
100-watt MF/HF marine single-sideband 
radiotelephone and was designed as a 
direct replacement for obsolete a-m 
equipment. 

The unit operates on frequencies 
between 1.6 and 9.0 MHz and has a 
capacity for 11 duplex or 22 simplex 
channels. Any channel may be _ pro- 
grammed for AME as well as suppressed 
or reduced (-16 dB) carrier operation. A 
variety of power supplies and accessories 
permit its use in land-based, mobile and 
marine stations. 

The exciter portion of the radio- 
telephone is an up-conversion scheme and 
uses integrated circuits almost exclu- 
sively. Simplified channelizing involves 
inserting crystals and ‘‘netting’’ to fre- 
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XT DIODESK « 
a) a 


NEW NEW NEW 


Tubular Polystyrene Capacitors. All 125 Volts 
— 2.5% tolerance. .003 Mfd, .01 mfd, .018 
mfd, .022 mfd. Your Choice 15 for $1.00 ppd. 


NEW NEW NEW 
MYLAR CAPACITORS. All 200 
: Volts Radial Leads. .0lmfd, .05 


mfd, .lmfd. YOUR CHOICE. 
14 for $1.00 ppd. 


100 kc. XTAL. Octal Plug-in. High Quality. 
$3.50 ea. ppd. 


High quality Ameri- 
can Made TO-5 
Transistor sockets. 
Ideal for PC board 
use. 


10¢ ea. ppd. 
3000 MFD @ 30 Volt 


~ Capacitors. 
Size 1/ Diameter x 
ee 3 Song: 975¢. Each 


or 3 For $2.00 ppd. 


/ Black, Aluminum Ano- 
WA dized, Heat Sink. Size 
Na} )/, Approximately 434” x 13’ 


Sfp nh. x 114’ w. Predrilled For 

OI ~ TO-3 Transistors. Delco 
Part #7277151. Factory New. 75¢ Each 
3 for $2.00 ppd. 


BACK IN STOCK 
Unpotted Toroids. All centertapped. 

88 mhy or 44 mhy. Your choice 5 for $2.00 ppd. 
15 for $5.00 ppd. 


Transformer, 115 VAC Primary, 12 Volt, 4 
Amp Secondary $4.00 Each ppd. 
115 VOLT AC TRANSFORMER ei 
Secondary 12-0-12 Volts @ 800 \\) 
ma. Very Nice. $2.40 ea. ppd. \\ 


High quality, American Made 
Transformer. 115 Volt Primary. 
Secondary 17-0-17 Volt @ 150 
ma. Tap At 6.3 Volt For Pilot 
Light. Ideal For Transistor Pre- 
Amps, VFO’s, etc. Fully Shielded. 

$1.50 Each ppd. 


Power Transformer. 115 Volt AC Primary. 
Secondary #1: 32-0-32 Volt @ 1 Amp. 
Secondary #2: 6.3 Volts. Low Current For 
Pilot Lights. Size 2144 x 244" x 3! 

Price: $2.50 Each ppd. 


6.3 Volt 1 Amp Transformer. Fully Shielded 
$1.60 Each ppd. 


Transformer — American Made fully shielded. 

115 Volt Primary 

Secondary #1 18-0-18 Volts @ 4 Amps 

Secondary #2 5 Volts @ 2 Amps 

A very useful unit for LV Power supply use. 
Price — A low $4.75 ppd. 


SEND STAMP FOR BARGAIN LIST 
Pa. Residents add 6% State sales tax 
aS ALL ITEMS PPD. USA 


m. weinschenker 


7“ K3DPJ Box 353-IRWIN, PA. 15642 
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NEW! IC KEYER 
Only 


$87.50 
USA 


e Self completing dots and dashes. 

e Dot memory for easy keying. 

° Precision feather-touch key built-in. 

e Sidetone oscillator and speaker built-in. 

¢ Relay output keys 300-V @ 100-ma. 

e Keyed time base. Instant start. 

¢ 5-50 wpm. Perfect dot-dash ratio. 

e Send OSL or postcard for free brochure. 


PALOMAR 


ENGINEERS 
BOX 455, ESCONDIDO, CAL. 92025 


GATEWAY 
ELECTRONICS 


8123 PAGE AVENUE 
ST. LOUIS, MISSOURI 63130 
314-427-6116 


tee VOLT TRANSFORMER — 5 AMP — 4 x 
3% x 3 — ship wt. 7 Ib. $5.00 


955 TUBE — Oscillator tube for Model 80 etc. 
hard to find — new $1.50 


L.E.D. — 7 SEGMENT READOUT — MAN 1 
TYPE — NEW $2.75 
THUMBWHEEL SWITCHES 


— 0.5 x 2.125 x 1.78 — 10 position decimal 
$2.75 


— 10 position BCD & Compliment $3.75 
— End Plates (per pair) $1.00 


MINIATURE SIZE 


— 0.312 x 1.3 x 1.3 — 10 position decimal 


$2.00 
— 10 position BCD & Compliment $2.75 
— End Plates (per pair) $ .50 


10 MHz CRYSTAL — Standard HC-6/U style in 
24 volt oven. — ship wt. 1 Ib. $2.50 


Visit us when in St. Louis 
$5.00 Minimum Order 
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PPD | 


quency. The use of bandpass filters elimi- 
nates tuned circuits and _ individual 
channel alignment, even in the trans- 
mitter. 

Exceptional reliability is claimed for 
the new SG-711. Heating has been re- 
duced through the use of solid-state 
power amplifiers. They are fully pro- 
tected against problems caused by open 
or shorted antennas and high temperature 
operation. The SG-711 is small and light 
weight, less than 7 pounds. 

For additional information, contact 
Donald L. Stoner, Director of Marketing, 
Stoner-Goral Communications Co., Box 
233, Mercer Island, Washington 98040, or 
use check-off on page 110. 


switchable keyer 


The Space-Matic 21-B electronic keyer 
is the only non-reprogrammable keyer 
that lets you select your particular input 
keying preference. With three switches, 
you can select from a keyer with no 
dot or dash memory, just a dot memory, 
just a dash memory or with both dot and | 
dash memories — all with or without | 
automatic character and word spacing. | 

The unit features iambic keying, jam- 
proof spacing and self-completion. | 

The unit can be used with any key, 
features a regular tune position and a dot 
tune position for ssb transmitters. An 
adjustable monitor is built in, the unit is 
rf-proofed and can be run from 12 Vdc or 
117 Vac. There are many other features © 
of this $89.50 keyer. Details are available — 
by writing to Data Engineering, Inc., 
Ravensworth Industrial Park, 5554 Port 
Royal Road, Springfield, Virginia 22151 
or by using check-off on page 110. 
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know this sign 


To most people this is a symbol from 
Greek mythology. But to hundreds of 
thousands of active amateurs, Pegasus is 
the symbol of the Radio Amateur CALL- 
BOOK the single most useful operating 
reference for active amateur stations. 
The U.S. Edition lists over 285,000 Calls, 
Names and Addresses in the 50 States 
and U.S. possessions while nearly 200,000 
amateur stations in the rest of the World 
are listed in the DX edition. 


Both editions contain much other invalu- 
able data such as World Maps, Great 
Circle Maps, QSL Managers around the 
World, ARRL Countries list and Amateur 
Prefixes around the World, Time informa- 
tion, Postal Information and much, much 
more. You can’t contest efficiently, you 
can’t DX efficiently, you can’t even oper- 
ate efficiently without an up to date 
CALLBOOK. 

To make the CALLBOOK even more val- 
uable, three supplements are issued each 
year which bring your copy completely up 
to date every three months. These are 
available at a modest extra cost. Full de- 
tails in every CALLBOOK. 

Get your copies of the big new 1973 
CALLBOOKS today. 


US CALLBOOK 


(less service editions) 


Just $8.95 
US CALLBOOK 


(with service editions) (with service editions) 
$14.95 $11.45 


Mail orders add 50¢ per CALLBOOK postage 
and handling. 


See your favorite dealer or send today to: 


for callbookne 


URE a2 Dept.€ 925 Sherwood Drive 
Lake Bluff, Ill. 60044 
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DX CALLBOOK 


(less service editions) 


Just $6.95 
DX CALLBOOK 


INCREASE YOUR 
TALK POWER! 


PROVEN ON-THE-AIR PERFORMANCE 


MODEL ACA-1 
$49.95 KIT 


ASSEMBLED 
$69.95 


MODEL ACA-1 AUDIO COMPRESSOR features 45 DB 
compression range ® Flat 20-20,000 Hz response @& 
Extremely low distortion @® Front panel compression 
meter and in/out switch ® Accepts both high and 
low-impedance mikes ® Easily installed in mike line 
@ 110-volt a.c. or 12-volt d.c. operation @ Only 5” W 
x 24%" Hx 42” D. 


MODEL ACP-1 
$24.95 KIT 


ASSEMBLED 
$34.95 


MODEL ACP-1 COMPRESSOR-PREAMP has 30 DB 
compression range @® Flat 20-20,000 Hz response and 
low distortion ® Designed for high-impedance mikes 
@ Easily installed in mike line @ 9-volt battery opera- 
tion @ Only 4” Wx 2%2” Hx 3%" D. 


IDEAL FOR TAPE RECORDERS! 


Try one of these compressors as an automatic re- 
cording-level control. Used by recording studios, 
schools, and radio-tv stations. Great for p.a. systems, 
too! 


3-CHANNEL WWV RECEIVER 
(5, 10, and 15 MHz) 


$74.95 KIT 
ASSEMBLED 
$99.95 


0.25 microvolt sensitivity @ Crystal controlled ™ 110- 
volt a.c. or 12-volt d.c. operation ™ Compact size 
only 4%2” W x 2%" Hx 5%” D. 


Send check or money order, plus $1.50 for shipping 
anywhere in U.S.A. California residents add 5% sales 


tax. 
DEALER INQUIRIES INVITED 


CARINGELLA ELECTRONICS, INC. 
P.O. Box 327 O Upland, California 91786 
Phone 714-985-1540 
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W6SAI’s Antenna Books 


SIMPLE, LOW-COST 


Bill Orr’s Newest WIRE 
WIRE ANTENNAS gun 


for Radio Amateurs 


This 192 page book describes over 40 horizontal, vertical, and multi- 
band trap antennas. Invisible antennas for apartment houses, high 
gain beam antennas. Covers novice antennas, tuners and ground sys- 
tems. It’s all here in this exciting new book by “the antenna expert.” 


Only $3.95 ppd. 


The “bible” on Quads 


ALL ABOUT CUBICAL QUAD ANTENNAS 


Long considered ‘“‘THE BOOK” on Quads this latest edition has more 

information on these popular antennas than you will finl anywhere 

else. Everything you need to design, build and adjust your Quad for 
ALL ABOUT top performance. 


Easy! How to build efficient antennas 
that get out — 2 through 160 meters! 


NEW 2ND EDITION! NEW INFORMATION 


Revised gain figures for Quads 
Delta Quad, Swiss Quad, Birdcage Quad 
Analysis of Quad vs. Yagi — which is best? 
Miniature Quad construction and performance 
Monster Quads — power gains up to 14! 
The Famous Handbook on Quad Theory. Correct dimensions for single and multiband Quads, 6 thru 80 meters 


Design, Construction and Operation 
. Improved Tri-Gamma match feeds tri-band Quad efficiently with one line 
WILLIAM |. ORR, W6SAI ) : 
PLUS... Exhaustive detail on every aspect of quad antennas 


Only $3.95 postpaid 


The complete reference on beams 
BEAM ANTENNA HANDBOOK 


For many years the “BESTSELLER” on beam antennas, this handbook NEW 4TH EDITION! 
covers all areas of the subject, both theory and practice. 


This new fourth edition has been updated to insure that the reader has 
the very latest information available. 


It includes many special features such as: 
e Correct dimensions - 6 thru 40 meters 
e Are 40 meter compact beams worth the effort? 
e Exclusive 25 year bibliography of important beam antenna articles 


Whether you plan to build or buy — DX or rag chew — you need this book 


Just $4.95 Postpaid HANDBOOK 


Everything You Want to Know about 
Beam Design. Construction, Operation 


WILLIAM I. ORR, W6SAI 


at <>) © OY £7 a 
BOOKS Greenville, New Hampshire 03048 
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New for 
FilWers 


Scanner-Monitor 
Servicing Data 


Contains comprehensive servicing data for 30 of the most popu- 
lar UHF and VHF receivers now in use, including B & K, Brown- 
ing, Johnson, Midland, Pace, Pearce-Simpson, Penneys, Realistic, 
Sonar, and Teaberry. As the first guide ever released for scan- 
ners and monitors, it is an invaluable aid for service technicians. 
Its last-minute information includes schematics, voltages, align- 
ment, parts lists, crystal formula data, pictorial presentations, 
and general troubleshooting information. 


HANDBOOKS 


We have all three 


RADIO COMMUNICATION HANDEOOK 


$4.95 Postpaid 


The Radio Amateur’s Handbook 
ARRL Staff 


The standard reference for the radio amateur. 
Latest 1973 edition covers everything from the 
basics to such new areas as FM and slow-scan 
TV. The largest selling technical book ever 


published. 
702 pages, softhound Only $4.50 


RSGB: 
Radio Communication Handbook 


Amateur Radio’s most complete technical ref- 
erence. This book covers virtually every phase 
of radio theory and practise in very complete 
and useful detail. Whether you use HF or VHF, 
SSB or RTTY you need this handbook. 


832 pages, hardbound Just $12.95 


Ratio Handbook, 19th Edition 
by William I. Orr, W6SAI 


Latest updated edition of this famous hand- 
book which is the standard for engineers, tech- 
nicians and advanced amateurs. Explains in 
detail how to design and build all types of radio 
equipment, RTTY circuits, latest semiconductor 
and computer circuitry. 896 pages; hardbound. 


Only $14.95 


SPECIAL HANDBOOK PACKAGE 
All 3 for just $27.50° 
Save nearly $5.00 


CLOSEOUT SALE! 


A SPECIAL PURCHASE ALLOWS US TO OFFER THE 18TH EDITION (JUST NOW 
SUPERSEDED) OF W6SAI’s RADIO HANDBOOK (SEE ABOVE) FOR ONLY $7.95 


WHILE THEY LAST. 
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Greenville, New Hampshire 03048 
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GIANT B-7971 NIXIES (2) with 2 sockets 
and driver board containing hi voltage 
transistors. Complete plug-in board as 
removed from _ operational equipment. 
Schematics included. Unbelievable but 


true . . . just $2.50 for the complete 
package. #72S-10 $2.50 


Mod. 28-LPR Typing Reperf, 5 level 100 
wpm w/motor $35.00 


Mod. 28-LARP non-typing reperf, 5 level 
less motor $10.00 


Mod. 28-LBX-D1 Trans/Dist, with motor, 
5 level $25.00 


COMBO DEAL — 1] ea. of above 3 units; 
$60.00 


15¢ IC BONANZA 


Brand new DTL dual inline (DIP) package, 
factory marked ceramic type. The price is 
too good to be true. Fully guaranteed and 
with specs. 


930 Dual 4 input NAND gate 

similar to 7420 
931 Clocked flip flop similar to 74110 
932 Dual 4 input Expand Buff 

similar to 7440 
933 Dual 4 input expander 

similar to 7460 
936 Hex Inverter similar to 7405 
945 JK Flip Flop similar to 74110 
946 Quad 2 input gate similar to 7400 
962 Triple 3 input gate similar to 7410 

15¢ each 
Buy $100 worth and deduct 10% 
24 hour delivery guaranteed 


RCA MEMORY CORE STACK $50.00 
32x32x9 9 frames with 1024 cores/frame 
and diode matrix attached. 1024 Memory 
Area measures only 2x2 inches. Full stack 
of 9 planes only $50.00 
1024 Core Memory Frames cut from 
above core stack 6.00 ea. postpaid. 


Please add postage for above. 


JOHN MESHNA JR. ELECTRONICS P.O. Box62_ E. Lynn, Mass. 01904 


CAMP ALBERT BUTLER RADIO SESSION 


14th year - July 28th - Aug. 10th 


Courses Taught: General Theory and Code 
Advanced Theory and Code 
Amateur Extra Theory and Code 


Golf privileges at New River Country Club; also fishing 
TRULY A VACATION WITH A PURPOSE!!! 


People attended from the following states and areas: 
North Carolina, South Carolina, Missouri, Tennes- 
see, Utah, Florida, Oklahoma, West Virginia, Ala- 
bama, New Hampshire, Iowa, District of Columbia, 
Vermont, Arizona, Indiana, Ohio, New Jersey, 
New York, Massachusetts, Maryland, Virginia, Illi- 
nois, Michigan, Georgia, Kansas, Mississippi, Ne- 
braska, Maine, Kentucky, California, New Mexico, 
Arkansas, Texas, Wisconsin, Louisiana, Oregon, 
Connecticut, Minnesota, Pennsylvania. 
OUT OF STATE: 

Puerto Rico; Saskatchewan, Canada; Ontario, Can- 
ada; Quebec, Canada; Granada, Spain; London, 
England; Geneva, Switzerland; Netherland, An- 
tilles; St. Croix, Virgin Islands. 


| C. L. Peters, K4ADNJ, Executive Director 

| Gilvin Roth Y.M.C.A., Elkin, North Carolina 28621 
| Please send me the Booklet and Application Blank 
for the Camp Albert Butler Radio Session. 


| Nainie ns) 2 ee Gall 
| Address 


“City/State/Zip 
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Model 372 
Glipreamp 


Increase your talk power without exceeding legal limits. The 
Model 372 Clipreamp will keep your audio levels uniform for 
maximum efficiency of your transmitter. Compression level 
variable to meet your requirements. 


ONLY $19.95 


See your dealer or write: 
Barker & Williamson, Inc. 
Canal Street, Bristol, Pa. 19007 


$ 0.50 
MINITRON 5-vott 16-PIN pip READOUT 


7-SEGMENT W/RH DECIMAL 
+1 W/RH DECIMAL 


DIGITAL CLOCK semi-kirt 


15 1C‘S & 4 MINITRONS (ONLY) +RED FILTER & INSTR. 
DIGITAL CLOCK INSTRUCTIONS ONLY _____ $ 1,50 


QUAD OP AMP meee 5324 5.115) 
REGULATOR s-voir 1-amp ya7805 ._ $2.50 


TTL OPERATING RULES 


LM 3900 


Arizona Semiconductor 


PO BOX 112 


GOODYEAR, ARIZONA 85338 
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feature after feature 
after feature 


There’s a new enjoyment horizon waiting on 420-450MHz, 
an amateur band 7% times wider than 144-148MHz! 
Here’s wide open space for the ragchewer — paradise 
for the antenna experimenter. With half-wave antennas 
only about a foot in length, ‘‘dream beams’ — the kind 
that literally drip with gain— become practical realities. 


The highly knowledgeable repeater group has, of course, 
had equipment operating in this band for years. How- 
ever, SB-450, SBE’s exclusive, all-new FM transceiver 
gives the amateur something he has long needed, equip- 
ment with small size, convenience and performance char- 
acteristics considered to be indigenous to the ‘‘DC’’ 
bands. It is certain that repeater and 450MHz band activ- 
ity will be given a big boost with this fine unit. 


Beautifully constructed, book size, the SB-450 has 12 
channel capability, delivers 5 watts FM output. It’s all 
solid-state — no warmup — low drain from 12V car bat- 
tery (operates on 115VAC for base station use with avail- 
able accessory supply). Two sets of crystals are supplied 
for repeater and simplex operation. 


Try UHF! Try SB-450! Enjoy! 


SB-450 


UHF/FM TRANSCEIVER 
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TX 144-220 


TRANSMITTER 
KIT 


A one watt exciter using four RF transistors, two diodes, and one integrated circuit. The RF trans- 
istors are operating well below their ratings allowing long keying periods without damage. The 
exciter may be used alone as a transmitter or with our PA-144 or 220 amplifier for a 15 watt 


station. Some of the features are: 


e Typically 144 watts output at 12.6 volts (1 watt on 220) 


e Adjustable deviation to 10 Khz 


e Audio clipping and active filter 
e Crystal netting trimmer 
e Double tuned RF stages for a clean signal 
e Standard 12 MHz crystals (14 MHz for 220) 


e Zener regulated oscillator 


e Provisions for metering. each RF stage 


e Predrilled and tinned glass 
circuit boards 


e Measures only 2! x 6! x 1// 


Order TX-144 or TX-220, $29.95; PA 144 or PA-220, $29.5. Add $1.00 postage and handling for 
each kit ordered. New York state residence add sales tax. 


BANKAMERICARD 


USED TEST EQUIPMENT 


All checked and operating unless otherwise 
noted, FOB Monroe. Money back (less shipping) 
if not satisfied. 


HP100D-Freq. stand. w/scope-Acc. lppm 
HP10O0ER Freq. stand. w/scope-Acc. .05ppm 19 
HP212A-Pulse Gen. var. width and rate 6 
HP430CR Microwave pwr. mtr-rack mnt. ......... 
HP522B-Freqg. Counter-10Hz-120kHz-digital ...... 
L&N 7592 Voltbox 3-750v Acc. .02% 
NE 14-20C-Freq.-counter (sim. HP524C) 
PRD707 Broadband Microwave osc. .9-2.2gHz 170 
PRD708 Broadband Microwave osc. 2-4.2gHz 170 
Republic VA260 Q-mtr (sim. Boonton 160A) 185 
Singer SPA-1 Spec. Anal w/ps less rf unit 
Singer SSB-4 SSB Spec. Anal complete. 0-40MHz 
coverage — 10Hz resolution : 1465 
Solitron 200A SCR tester-checks anode, gate 
volts current, leakage and holding 
Stoddart NM10A (URM-6) RF intens mtr 
250kHz, complete with acc. 
Stoddart NM20A (PRM-1) RF intens mtr 
Z5MHzZ,icomplete= with) acca — 825 
Stoddart NM52A-RFI mtr, .375-lgHz, w/acc. 985 
Tek RM15-DC-15MHz GP scope 9 
Tek 181 Time mark generator 
Tek 190A Const. Ampl. Sig. Gen .35-50MHz 125 
Tek 531 DC-15MHz scope-takes letter plug-in 360 
Tek 945 (mil 545) 30MHz scope w/dual trace 525 
Weinschel 70 Prec RF step attn DC-1lgHz 
Weinschel PB-1A Prec RF power bridge 
SG24/TRM3 Sweep Gen. 15-400 MHz, CW, AM, 
FM Xtal markers, scope-Dev. to 20% 
TS268D/U Crystal diode test set (1N21, etc.) 
TS-403A-Sig. Gen. (HP616) 1.8-4gHz 385 
URM 7 RI-FI mtr (sim. NF-105) 20-400MHz 
URM-26 Stand. Sig. Gen. 3-400MHz 
USM24C Scope-8MHz, time-base, triggered 125 
(Send SASE for complete list) 


GRAY B Omaicris Monroe, MI 48161 


Specializing in used test equipment 


5 
5 
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HF ENGINEERING 


1017 CHENANGO ST. BINGHAMTON NY 13901 


Central New York Specialty Headquarters 


FM by STANDARD COMMUNICATIONS 
and CLEGG 


ANTENNAS by HY-GAIN 
Quality-Selected Used Ham Gear 


Write for listing, updated twice monthly 


CFP ENTERPRISES 
866 Ridge Road 
Ludlowville, N. Y. 14862 


STAR-TRONICS 


INDUSTRIAL AND GOVERNMENT 
ELECTRONIC SURPLUS 


PARTS & PIECES FOR SCHOOLS, SHOPS, HAMS & HOBBYISTS 


SEND FOR OUR LATEST ALL DIFFERENT 
MONTHLY PICTURE CATALOG. NOW! 


Box 17127, Portland, Ore. 97217 


SAROC 
9th annual fun convention 


Best of Las Vegas — Best of Amateur Radio 


January 3-6, 1974 
SAROC Box 73 Boulder, Nev. 89005 


More Details? CHECK—OFF Page 110 


SJ00000000 0000 0000000000000 5050000 DDNNNNHO OOOO OOO00e 
MAM L LED : {OO series DIF 


high brightness--350ft-L 
@20ma 

single plane, wide angle- 
viewing---150° 

standard 14 DIP 

long life---solid state 

Operates with IC voltage 
requirements 

displays all digits and 
9 distinct letters $4.25 EACH 


schottky TTL $3.00 act 


82830 8 input multiplexer 

82833. 2 input 4 bit multiplexer 
82S41 quad E£X/OR element 

82842 4 bit comparator 

82862. 9 bit parity gen./checker 
82S67 2 input 4 bit multiplexer 


CDs universal counter ‘linears 
Can be programmed to count to any = yyy $8.95 LM100 positive DC regulator T0-5 .80 
modulus 2-9 for one kit, 2-99 for s a NE526 high speed comparator DIP 1.00 
two kits, etc. ‘Includes board, 7490, } NE560 phase lock loop DIP Bo Z5) 
7447, RCA DR2010 Numitron display NE561 phase lock loop DIP 3.25 
tube and five programming components. pee YE565 phase lock loop TO-5 or MINI aes 
Full instructions included - perfect \x= E566 function generator TO-5 or MINI 3.50 
for displaying second, minutes and Lae elias St TO-5 or MINI ie 
hours, etc. 09 popular op amp DIP ‘ 
neat 710 voltage comparator DIP .50 
CD2aigial Counter 711 dual comparator DIP STh) 
Unit includes board, 7490, KIT 723 precision voltage reg. DIP 1.00 
7475 quad latch, 7447 seven ASSEMBLED 5558 dual 741 op amp MINI 1.00 
segment driver, and RCA DR2010 a La op amp DIP .80 
: 747 ual 741 op amp DIP 1.00 
BOC YO Sete Haat DIP LM302 op amp voltage follower T0-5 125 
8200 4 bit comparator LM308 op amp TO-5 2.00 
8210 & line to 1 line selector LM311 comparator TO-5 1.50 
8220 parity gen/checker LM380 2W audio amp DIP 150 
8223 256 bit programmable ROM LM703 RF-IF amp epoxy T0-5 .80 
8230 8 input multiplexer LM309K 5V-1A power supply module TO-3 2.50 
8233 2 input 4 bit multiplexer LM309H 5V-200ma power supply 10-5 1.00 


8242 4 bit comparator 

8251 BCD to decimal decoder 

8261 fast carry extender 

8266 2 input 4 bit multiplexer 

8270 4 bit PI, SI, PO, SO 

8271 4 bit shift register 

8273. 10 bit SI,P0 register 

8274 10 bit PI,SO register 

8280 45MC presetable decade counter 


0 =) CQIculator ona Chid 
“50 AO pInDIP 


-00 Add, subtract, multiply, and divide 
- 00 12 digit display and calculate 

-00 Chain calculations 

-00 True credit balance sign output 

15 Automatic overflow indication 

8281  45MC presetable binary counter sls Fixed decimal point at 0, 2, 3, or 4 
8290 presetable dec. counter 75MC = 50 Leading zero suppression 

8292 presetable dec. counter 10MC .90 Complete data supplied with chip 


ACA sites 


WR WW NNR MRR RMON Rr 
Oo 
fon) 


8520  25MC divide by "N" 2 to 15 2.00 at 
8551. tri state quad latch 2.00 : ‘ 

8570 8 bit SI, PO 2.50 signal diodes 
8590 8 bit PI, SO 1.50 100 PIV - 80 ma 


8275 quad bistable latch 

748 op amp 105 1.50 digital display tube ;*~ 

NE555 prec. timer MINI 1.25  CA3065  TV/FM sound system DIP .75 : series ee 5V = ; 
aos ee . segment BA ol 

All IC's are new and fully tested - leads are plated with gold or solder. .. .6" high numeral : 

Orders for $5 or more will be shipped prepaid. Add 35¢ handling and post- . visible at 30 feet 

age for smaller orders. California residents add sales tax. IC orders are - left hand decimal 

shipped within two workdays of receipt of order - kits are shipped within - 9 pin base (solderable) 

ten days of receipt of order. MONEY BACK GUARANTEE ON ALL GOODS SOLD..... EACH $ 5.00 

nib Aichtute O ROCs OMORT OCC R ODO COD's may be phoned in..........cce csc wee ee seas 5 FOR 20.00 

BABYLOI E BO eS CARMICHAEL, CALIF. 

ELECTRONICS "(sep ee-ii 


AVWI.0.0.00000.0.0000 2.0000000000000000000000000000000008% 
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The incomparable 


ALPHA T7 vbyeto 


The finest amplifier ever offered for Ama- 
teur, Commercial & Military service. 3000 
watts PEP continuous-duty. Perfect com- 
panion to the CX7A. 


Write for information & Barry’s Best Deal 


ALPHA 
PA-70-V LINEAR AMPLIFIER 
Write or Call 


DRAKE 


TR4/C new, $599.95 
R4C Rec. 


new, $ 61.95 
$499.95 TR22 new, $199.95 
T-4XC Trans. $530.00 


AA-10 2 meter 10 watt linear amp. for use with 
TR-22, etc. $ 49.00 


AA-22 2 meter 25 watt linear amp. plus pre- 
selector, for improved sensitivity and rejection 
$149.95 


2B with 2BQ Multiplier 


TEN TEC 

All below is new merchandise 
ARGONAUT MODEL 505 $288.00 
ARGONAUT 405 LINEAR AMP. 50w. out $149.00 


210 POWER SUPPLY for Argonaut 505 only 
$ 24.95 


250 POWER SUPPLY, powers 505 & 405 $ 49.00 


315 RECEIVER 10-80 meters SSB, AM, CW 
$229.00 


CW FILTER FOR 315 
All above in stock 
AC4 SWR Bridge 


AC5 Tuner $ 8.95 


COLLINS 
MP1 mobile supply good, $ 95.00 
30L1 spare parts kit less chassis/cab. etc., Write 


HALLICRAFTERS 
FPM-300 


LINEAR SYSTEMS 


SB-36 5 Band 500W SSB/CW Digital readout 
transceiver complete with AC power supply and 
speaker Brand new in stock, Write 


DYCOMM 
2 Meter Amplifiers (Power ratings approx.) 
BRICK BOOSTER, 2w in 35w out $ 79.95 


BLOCK BOOSTER, 10 in 50w out, new, $ 99.95 
demos, $ 79.95 


new, $595.00 
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CLEGG FM-27B NO XTALS 
25w out Synthesized 


Write for fantastic 
trade in or real deal 


Latest Model 


INSTRUMENTS 
GR 1001A SIGNAL GEN excellent, $425.00 


DIGIPET 60 digital freq. counter, with 160 scaler. 
Range 1 kHz - 160 MHz $349.00 


FR-114U 6 digit E-put meter, frequency .1 - 10k, 
0001 to dOtseci ee like new, $195.00 


SIMPSON 270 VOM with probes & leather case 
new, $ 81.00 

SIMPSON 2701 Digital Multimeter 
reg. approx. $895 Special, $595.00 
Hewlett Packard 236A Audio osc., 50 WHz-560 
kHz excellent/like new, $175.00 


12 VOLT DC POWER SUPPLIES: 110 AC INPUT 


MODEL 102, is a 4 amp overload protected 
power supply that automatically resets itself 
when the overload is removed new, $24.95 


MODEL 104R, is a regulated power supply with 
the same electronic overload protection as the 
model 102. MODEL 104R new, $34.95 


MODEL 107M is a heavier duty supply with the 
same features as the Model 102 but puts out 6 
amps, useful for Clegg 27 series, etc. 

new, $27.95 


INVERTER/CONVERTER: 


MODEL 612 is a special purpose unit to provide 
12 VDC negative ground power in automobiles 
with either 6 volt negative ground or 12 volt 
positive ground. 10 amp surge, 3 amp contin- 
uous new, $22.95 
INVERTER, 12 volt DC input, 115 volt AC out, 


Model 12-115 solid state power supply, 200 
watts continuous new, $ 59.95 


TEMPO 


2 Meter Linear Amplifiers, 502, 5-12 watts input, 
35-55 watts output $105.00 


1002-313 1-214 watts input, 120-130 watts output 
$235.00 


802-B 1-214 watts input, 80-90 watts output 
$195.00 


TEMPO FMH 2 Meter Transceiver, 2 watt, 6 
channel, handheld new, $189.00 


BIRD 

4350 80-10M 2KW Ham Mate 
4351 80-10M 1KW Ham Mate ... 
4352 6- 2M 400W Ham Mate ... 
43 Wattmeter 


Large stock of inductors by B & W and Air 
Dux. Write or Order. 


CASH PAID ... FAST! For your unused TUBES, 
Semiconductors, RECEIVERS, VAC. VARIABLES, 
Test Equipment, ETC. Write or call Now! Barry, 
W2LN1. We Buy! 


We ship all over the World. 
[J Send for Green Sheet Supplement 23. 


Send 10¢ plus 40¢ postage & handling 
(refund lst order). 


BARRY ELECTRONICS CORP. 
DEPT. H-4 — PHONE A/C 212-925-7009 
512 BROADWAY, NEW YORK, N. Y. 10012 
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MISC. 
2 METER VHF DUMMY  LOAD/WATTMETER 
Good up to 15 watts — w/SO-239 CONNECTOR 
$19.95 
LAFAYETTE HA-460 6 meter transceiver with 
VFO, 20 watt, AC & DC pow. sup., new, $ 95.00 
NC-400 540 kHz - 31 MHz 7 bands USB, LSB 
OA eaeeaaks a, 52 Rae Ne oe eee fair to good, $150.00 
HEATH DX-100, 10, 11, 15, 20, 40, 80, 160M 
100 watts AM & CW 
checked out w/manual, $ 95.00 
HEATH HP-23A AC Supply ......... like new, $ 45.00 
HEATH SHAWNEE, 6 meter transceiver, Model 
HW-10, 10 watts RF out, built-in 117 AC & 6 or 
12 volt DC power supply, built-in VFO $ 95.00 
SWR BRIDGE COUPLER, DC-500 MHz (no indi- 
cator) full amateur power 
With N fittings $ 9.95 
With BNC fittings $10.95 
MODEL 70 ROBOT SSTV Monitor in stock 


Write 

ANTENNAS 
MOSLEY LANCER ‘‘1000’’ mobile antenna, all 
coils 10, 11, 15, 20, 40, 80 good, used, 

complete, $ 50.00 
BAO SIPEG Ass Orrin evsstiisohsscaieene nrcmectceneten eats write 
2M MAGNETIC MOUNT w/RG58 & PL259 
with 10 ft. RG 58 ready to go $ 
14AVQ/WB VERTICAL 
LSA VA WB MERTICALS 2. nosccss cess ctsvecsssee-ccrnsecsecs 
HY GAIN 2 METER, 15 element beam ..... write 


NEWUISTRASBALUNG 121) consents Sanoo5 
C.D. HAM ‘‘M’’ ROTATORS, new, complete $99.95 
EPA BE CAB En nc tosarsrestecanseuteceecrseae @ 12¢/ft. 
C.D. TR-44 ROTATORS, new, complete $63.95 
GABEBMEOR SURA4 fis... dean natant 6¢/ft. 


RG-8A/U 100 ft. rolls. VHF connecter PL-259 
one end Type ‘“‘N’”’ (UG-21E/U) other end $ 12.50 
RG8A/U — 65 feet with PL-259 connectors on 
each end $9.50 
Authorized factory dealers for Antenna Special- 
ists, CushCraft, Gam, Heights Towers, Hy Gain, 
Mor-Gain Antenna, Mosley, Newtronics, Tri-Ex, 
Rohn, E-Z Way 

B & W Vacationer apartment house antenna, 2, 
6, 10, 15 & 20 meters. Hang out your window. 
Take along on your vacation... $ 24.95 


DX ENGINEERING SPEECH COMPRESSORS 

DIRECT PLUG-IN FOR COLLINS 32S ..... $79.50 
DIRECT PLUG-IN FOR KWM — 2 ............... $79.50 
DIRECT PLUG-IN FOR DRAKE TR3 OR DRAKE 


BARKER & WILLIAMSON 
Dummy Load - Wattmeters 520 
333 DC - 300 MHz, 1000 watts int. ..... $139.95 
334A DC - 230 MHz, 1500 watt ............... $169.95 
374 DC - 300 MHz, 250 watt int. .......... $ 79.95 
Transistorized Little Dipper, battery operated, 
2 MHz-230 MHz continuous +3% accuracy 
with modulation $ 94.50 


850A, 852 Inductors - $ 59.95 
SSM UCOMG eth cinerea io 8) BEES 
425 Low Pass Filter, 10-80 meters ........... $ 24.95 


210 Audio Osc., ideal for lab & broadcast 
$329.95 
410 Distortion Meter, ideal for lab & broadcast 
$369.95 
AM-141 Amplifier; 2000 watts RF output, con- 
tinuous 2-18 MHz, complete with coils and 
833-A’s. Built-in 115 VAC Supply, unused 


$950.00 
E. F. JOHNSON 
275 watt Matchbox complete with directional 
coupler and indicator, 10-80 meters, new $94.95 
Same as above but 2KW PEP, 1 KW AM 


new, $154.50 
151-1-4 Variable Capacitor, 250 pF, medium 
Neaakindiayes 1SAo%S » txuate Oreo emcee reo $2.95 ea. 


Luxo-Lil swinging lamp, beautiful desk lamp 
$ 15.00 


Write for free Deluxe B & W Catalog 


BUILDERS! : 
| Barry has lots of James Millen 
Radio parts in stock. 


Write for Barry’s latest Green Sheet, No. 23. 


and National 
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A New Magazine / 


Not really. New in the U.S.A. perhaps, 
but very well known in Great Britain and 
now being offered to you here. 


RADIO CONSTRUCTOR is almost exclu- 
sively construction material. Clearly writ- 
ten, concise articles give you full details 
on: 


e Audio Construction Projects 
e Receiver Construction Projects 
¢ Transmitter Construction Projects 
¢ Test Equipment Projects 
¢ Radio Control Projects 
... and much more 


Try a subscription to this interesting 
magazine, we are sure that you will not 
be disappointed. 


ONE YEAR SUBSCRIPTION — $7.00 


Write 
RADIO CONSTRUCTOR 
Greenville, N. H. 03048 


SPACE-AGE TV CAMERA KITS & PLANS 


BE A PIONEER IN HOME TELECASTING! ‘Build your own 
TV CAMERA. Model XT-1A, Series D; $116.95 pp. : Solid- 
State. Step-by-step construction manual. High quality. 
Connects to any TV without modification. « Ideal for: hams, 
experimenters, education, industry, etc. 
PHONE or WRITE for CATALOG, |. 
DIAL 402-987-3771 


Many other kits, parts and plans available including starter 
kits, focus/def(. coils, vidicon, tubes, const. plans, etc. 


1301 BROADWaY, Nw. ATV Research  daKoOTA CITY, NEBR. 68731 


NEW -440 MHz PREAMPS 
$54.95 £4 : 
POSTPAID \ 

432PA-1 


Two stage preamps use KMC Bipolar and Mos- 
fet Transistors. 20db gain, 20 MHz bandwidth. 
These are high quality preamps suitable for the 
most demanding applications. AC models have 
die cast case, others have metal enclosure. 


432PA 3.5db NF 12VDC $29.95 
432PA-1 3.5db NF_ 117VAC $54.95 
432PC 1.5 to 2.0db NF 12VDC $69.95 
432PC-1 1.5 to 2.0db NF 117VAC $94.95 


Write for our new catalog. 


JANEL P. O. BOX 112 


SUCCASUNNA, N. J. 07876 
LABORATORIES 201-584-6521 


ANNOUNCING 
A NEW DEALER FOR 
YAESU FT 101 


AND OTHER MODELS 
RACOM ELECTRONICS, INC. 


15051 SE 128 STREET . RENTON, WASH. 98055 
Tel: 206-AL 5-6656 
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&G CATALOG 
MILITARY ELECTRONICS 


24 PAGES, crammed with Gov't Surplus Electronic Gear - the Biggest 


Bargain Buys in Americal It will pay you to 


for your copy - Refunded with your first order. 


BRAND NEW BC-645 TRANSCEIVER 
EASILY CONVERTED FOR 

420MC OPERATION 

This equipment originally 

cost over $1000. You get 

all in original factory carton. 


Dependable Two Way Communication more than 15 miles. 


e FREQUENCY RANGE: About 435 to 500 Megacycles. 
« TRANSMITTER has 4 tubes: WE-316A, 2-6F6, 7F7. 

e RECEIVER has 11 tubes: 2-955, 4- 7H7, 2- 7E6, 3-7F7. 
e RECEIVER |. F.: 40 Megacycles. 

e SIZE: 10144" x 1344" x 4”, 


Makes wonderful mobile or fixed rig for 420 to 500 Mc. 
Easily converted for phone or CW operation 


“SPECIAL PACKAGE OFFER” 


BC-645 Transceiver, Dynamotor and all BRAND NEW, 
accessories below, including conversion in- while stocks 
structions for Citizens Band. last. $26.95 


F.0.B. NY City or Ogden, UT for Savings on Freight Charges. 


Accessories for BC-645 
Mounting for BC-645 
ceiver ..... riipeoe ets 
PE-101C Dynamotor, “12-24 V 
(easily converted to 6 volts). 
Mounting for PE-101C Dyna- 


TRANSCEIVER ONLY 


BC-1206-C RECEIVER Aircraft Beacon Re- 
ceiver 200 to 400 Kc. Operates from 24V DC 1.5A. 
Continuous tuning, vol control, on-off switch and 


phone jack. Very sensitive. Compact. 
Complete with tubes, NEW. ccccccccccce $12. 50 


CRYSTAL BARGAINS 


Depend on... 
We supply crystals from 
16kHz to 1OOMHz. Over 
6 million crystals in 
stock. 


SPECIAL 


Crystals for most ama- 
teur 2-Meter F.M. Trans- 
ceivers: 


trans- mblies Get 


Complete ‘set of | 


Control Box BC-646 
Mounting for BC-646 ctr. box. 


DIVISION OF BOB 
WHAN & SON 
ELECTRONICS, INC. 
2400 Crystal Dr. 
Fort Myers 
Florida 33901 
(813) 936-2397 


Send 10¢ for new 
catalog with 
oscillator circuits 
and lists of 
thousands of 
frequencies in 
stock. 


CRYSTALS FOR: 


$3.75 Each 


Inquire about quantity 
prices. Order direct. Send 
check or money order. 


For first class mail add 15¢ per 
crystal...for airmail add 20¢ ea. 


SPECIALS! 
Frequency Standards 
100 KHz (HC13/U) 
1000 KHz (HC6/U) 
Almost All CB Sets, Trans. or Rec. 
(CB Synthesizer Crystal on request) 
Any Amateur Band in FT-243 
(Except 80 meters) 
80 Meter Range in FT-243 
Color TV 3579.545 KHz (wire leads) 
4 for 5.00 
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HANDMIKE 
Rugged, heavy-duty carbon handmike with press 
to-talk switch. Equipped with 4-ft cord & phone 


plug. SPECIAL 
NEW, boxed Each $1.88 2 for $3.25 


HEADSET Low impedance. With large chamois ear cushions. 
4-ft cord and plug. Reg. $12.50. Our ea Price $2.95 
Less ear cushions $1.9. 

High impedance adaptor for above... $ 


SCR-274-N, ARC-5 COMMAND SET HQ! 


Type Exc. Like 
Complete Used New 
with Tubes 


Freq. 


Range 
RECEIVERS 
190. S50 iKe: 


WILLARD 2-VOLT 
STORAGE BATTERY 
(Model 20-2) 

Rated at 20 ampere 
hours. Compact, 
rechargeable, fine 

for models. 


$2.79 
CATHODE RAY TUBES 4!! New in Original Carton 


= ran DARD MAKE 


sockets only. 


CHECKING 
TESTER 


3CP1 1.98 ea. 


3! Shield $1.49 5! Shield $3. 4 
3” and 5!’ Sockets 69¢ e 
3” and 5// tubes sold with shields 


TERMS: F.O.B. NYC. 25% deposit with order, balance COD or remittance 
in full. MINIMUM. ORDER $5.00. Subject to prior sale and price change 


G&G RADIO ELECTRONICS COMPANY 


45-47 Warren St. (2nd Fl.) New York, N.Y. 10007 Ph. 212-267-4605 


FM Schematic Digest 


A COLLECTION OF 
MOTOROLA SCHEMATICS _ 
Alignment, Crystal, and Technical Notes 
covering 1947-1960 
136 pages 1114” x 17” ppd $6.50 


S. Wolf 
P. 0. Box 535 
Lexington, Massachusetts 02173 


DIGIPET-60 
SEE_NOV. 


*Sold in Lots of 3 Only 


Be 


Digipet-60 
Frequency 
Counter 


1 KHz-60 MHz 


(130-160 MHz with 
optional converter) 


Reg. $299 


A frequency counter with a range of 1 KHz to 60 MHz (or 130-160 
MHz when used with our Digipet-160 Converter). With a resolution of 1 
KHz or 1 Hz (at 1 ms. or 1 s. gate times). It can be operated on 
either AC or DC, with compiete overload protection. Plus a stability 
aging rate of 1 part in 10©/week. And the whole unit is a mere 7// 
deep by 244’ high! 

Superb precision quality at LESS THAN KIT PRICES. Call or write for 
literature and trade in or our LOW INTRODUCTORY PRICE. 1 YEAR 


WARRANTY. _NO_ ONE ANYWHERE BEATS OUR DEAL! 


AMATEUR-WHOLESALE ELECTRONICS 
8817 S.W. 129 Terrace « Miami, FL 33156 
Days (305) 233-3631 
Nights-Weekends (305) 666-1347 


'72_“\CQ’’ REVIEW 


IBANKAMERICARD. 


celivme her 
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“CWor RTTY, whichever way you go, 


HAL HAS TOP QUALITY 
YOU CAN AFFORD! 


TOP QUALITY...WITH THE 
HAL 1550 ELECTRONIC 


KEYER. Designed for easy opera- 
tion; perfectly timed CW with optional 
automatic ID for sending call letters, 
great for DX and RTTY; TTL circuitry, 
transistor switching for grid block, 
cathode keying. Handsome rugged 
crackle cabinet with brushed alumi- 
num panel. With ID, only $90.00; with- 
out ID, $65.00.* 


TOP QUALITY RTTY...WITH THE HAL 
MAINLINE ST-6 TU. Only 7 HAL circuit boards 
(drilled G10 glass) for all features, plug-in IC sockets, and 
custom Thordarson transformer for both supplies, 115/ 
230 V, 50-60 Hz. Kit without cabinet, only $135.00; screened, 
punched cabinet with pre-drilled connector rails, $35.00; 
boards and complete manual, $19.50; wired and tested 
units, only $280.00 (with AK-1, $320.00).* 


OTHER HAL PRODUCTS INCLUDE: 


ID-1 Repeater Identifier (wired circuit board). . .$ 75.00* 
ID-1 (completely assembled in 1'2" rack 


Cabinet) tar oR ie oko Ok be I Fa $115.00* 
HAL ARRL FM Transmitter Kit........... $ 50.00* 
W3FFG SSTV Converter Kit............ $ 55.00* 
Mainline ST-5 TU Kit...........--... $ 50.00* 


Mainline AK-1 AFSK Kit...........-..-. 


TOP QUALITY... 
WITH THE HAL 

MKB-1 MORSE KEYBOARD. 
As easy as typing a letter—you get 
automatic CW with variable speed 
and weight, internal audio oscillator 
with volume and tone controls, in- 
ternal speaker, and audio output jack. 
Smooth operation; completely solid- 
state, TTL circuitry using G10 glass 
boards, regu!ated power supplies, 
and high voltage transistor switch. 
Optional automatic ID available. As- 
sembled MKB-1, $275.00. In kit form, 
$175.00. * 


NEW FROM HAL—TOP QUALITY TOP QUALITY...WITH THE HAL RKB-1 
RVD-1002 RTTY VIDEO DISPLAY TTY KEYBOARD. Gives you typewriter-easy op- 
UNIT. Revolutionary approach to amateur eration with automatic letter/number shift at four 
RTTY ... provides visual display of received speeds (60, 66, 75, and 100 WPM). Use with RVD-1 002 
RTTY signal from any TU, at four speeds (60,66, video display system, or insert in loop of any tele- 
75, and 100 WPM), using a TV receiver modified — printer, for fast and easy RTTY. Completely solid state, 
for video monitoring. Panasonic solid-state TV . TTL circuitry using G10 glass boards, regulated power 
receiver/monitor, or monitor only, available. supplies, and transistor loop switch. 

RVD-1002, $525.00; Panasonic TV receiver/ RKB-1 assembled, only $275.00.* 

monitor, $160.00; monitor only, $140.00. * 


HAL provides a complete line of components, semi-conductors, and IC’s to fill practically any con- 
s\ruction need. Send 24¢ to cover postage for catalog with info and photos on all HAL products 
available. 

*Above prices do not include shipping costs. Please add 75¢ on parts orders, $2.00 on larger kits. 
Shipping via UPS whenever possible; therefore, street address required. 


HAL COMMUNICATIONS CORP., Box 365 H, Urbana, Illinois 61801 
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THE Le? S1Q(18//OLIE 
HENRY _ e 


exclusive 
3K-A oem 
agent 
for 
COOL AND EASY MAX. signal/one 
LEGAL POWER - SSB 
CW, RTTY or SSTV 
THROUGH COMMER- 
CIAL RATINGS e 3.5 TO 
L | 30MHz e CONTINUOUS 
- J _ DUTY - SILVER PLATED 
: oo Pi-L PLATE TANK e DC 
RELAYS je AUG ee UCT on co oe Fees ane Bae heccanes with two built 
PUT POWER 2 KW MIN. IN COMMERCIAL in VFOs — CW keyer built in 
SERVICE »« THE FINEST COMMERCIAL GRADE IF shift — new superior QRM remover 
AMATEUR LINEAR AMPLIFIER AVAILABLE ANY- elF noise blanker — digital nixie frequency 
WHERE IN THE WORLD AT ANY PRICE FOR readout — superb computer grade construction 


ONLY $1080 . THE HENRY 3K-A . THE LINEAR eFSK keyer — adjustable output power — 
FOR THE CX-7A broadband tuning — output wattmeter and re- | 
—_—_—_— flected power meter $2395 


YOU will never know how little it costs to *Service manual CX7-CX7A $29. — postpaid. 
own THE incomparable CX-7A or Henry 3KA AMATEUR-WHOLESALE ELECTRONICS 
until YOU write or phone us and let : 

us know the trade in deal YOU WANT. 8817 S. W. 129 Terrace-Miami, FL 33156 


Ww ll !' NO ONE ANY- 
HIEAE Rear ye BERT Bavnanencare Telephone — days (305) 233-3631 


@Credit terms available on export orders to qualified firms. — nights and weekends (305) 666-1347 


@-6-14 fe dip ic's Q BOARD 5-16 inies 


round ic's 
‘ttt Universal PCB- designed for modern ic’s, trasistors, 
components-— quicker cheaper- epoxy glass— sotdee WE PAY 
cee Plated and drilled—power and ground buses-— 


[3]6 ne 1. 5.6-make better smaller stackable circuits— PRICES FOR ELECTRON 


SIGE) OIE 


Chronometric Products Dept.H $3.20 Ca. tes. 


16530 Ardita Dr. Whittier Ca. 90603 add 5% TUBES AND SEMICONDUCTORS 


H & L ASSOCIATES 


ELIZABETHPORT INDUSTRIAL PARK 
ELIZABETH, NEW JERSEY 07206 
(201) 351-4200 


THE ULTRA-BAL 2000 


NOW -.------ An extremely rugged, weather-proof BALUN! 
eFull 2KW, 3-30 MHZ., 1:10r 1:4 ratios. 
@Special Teflon insulation, May be used 
“rp, with tuned lines and tuners. 
3 e With dipole insulator and hang-up hook. 


ONLY $ 8.95ppd. Gtate ratio) 


At your dealer or order direct 


K.E. Electronics sox 1279, Tustin Calif.92680 
ACTIVE AUDIO FILTERS 


CW: IC’S FOR SUPER HIGH PERFORMANCE 


Get razor sharp selectivity 
No impedance matching BW 
(selectable) 180 Hz and 
80 Hz Center frequency... 
F = 750 Hz Skirts 60 db 
down at 1/2F and 2F 4 op 
amps, 2/! x 3/1 PC Board 
$12.95 wired, tested, 
guaranteed 

LOW PASS: 

Resistors set cutoff .5 
to 20 kHz. Factory set 
for 2.5 kHz; Input imp 1M; 
Load > 2K; Gain =1 J : . 
Rolloff max 48db/oct, min FILTER ne : 
40 5 op amps, 2" x 3” -— 
PC Board $15. 95 wired, tested, guaranteed 

WRITE FOR FREE SPEC SHEETS! (DEALERS INVITED) 


P. O. Box 494 
MFJ ENTERPRISES ctate College, Ms. 39762 


CW/RITY/ - 
REPEATER 
IDENTIFIER 


Uses 256 bit read-only-memory programmed for your call 
or message. NE555 timers for clock, tone generator and 
5 minute timer. Apply 5 volts and COR and it outputs 
tone and PTT. Board: $8 Kit: $30 Tested: $35 

OTHER BOARDS AVAILABLE: 

Two Tone Decocer: $25 Tested 16 Button Decoder: $95 
Fhase Locked Loop RTTY Converter: $30 RY Generator: $8 
2 Meter Preamp: $13 8 Channel Scanner: $25 

WRITE FOR FREE FLYER 


SIGNAL SYSTEMS 


eecee eccce 
e e 2650 DURANGO DR. 
eec0e ecce COLORADO SPRINGS 
e e COLORADO 80910 
ec0ce ecce (303) 4750380 
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FRFEGABSE 
AO Rite 
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—1——ECHO i—]— 


2 METER 
AMATEUR REPEATER — ONLY $600.00 


PROVEN STATE OF THE ART DESIGN 
INSTALLATIONS WORKING GREAT IN U.S., EUROPE AND ASIA 
STOCK FREQS DELIVERED IMMEDIATELY, OTHERS 3-4 WEEKS 

WRITE FOR FREE DATA SHEET — FULL MANUAL $5.00 


DY 948 AVENUE E P.O. BOX 10116 
RIVIERA BEACH, FLA. 33404 


COUNTS & DISPLAYS See you at the 
YOUR TURNS gp. World’s Largest 
e 99.99 Turns " Ham vention / 

@ One Hole Panel Mount 
a Honey Leet? eae e 28 APRIL 1973 


Case: 2x4”; shaft 14x3” 22nd 
Model TC2: Skirt 24%”; Knob 15%” 
: : ANNUAL 


Model TC3: Skirt 3”; Knob 2%” 
ANTENNA 
NOISE BRIDGES 


Precision bridges with a 
F y 
nroaUpend | siawal —auree WAMPLER’S HARA ARENA 
» both antenna resonant fre- 
quency and antenna imped- Dept. H = Box 44 
ance at the resonant fre- 


your recaers. Dayton, Ohio 45401 


e A must for the serious antenna enthusiast. 


e Replace Meat bridges or other antenna test TECHNICAL SESSIONS « EXHIBITS 
° Gat cota: performance from all types of LADIES PROGRAM « AWARDS 


mobile and fixed antennas. 
MPOQ INDUSTRIES. Model TE 7-011. 100 MHz FLEA MARKET * TRANSMITTER HUNT 
Hernando, MS. Model TE 7-02. 1-300 Miz BANQUETS 
$39.95 ppd 
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Portables for FM 


Think Summer 


HT200s: Ready-to-go or kits 
Hi Band — $50 and up 
UHF (406-420), exc. cond. — $100 


HT220s: Ready-to-go or kits 
Hi Band & UHF — $140 and up 


PT200s — $125 

Makes a great portable, 

mobile or base — add a 

UHF SHOES Dycomm and get up to 100+ W out! 
"79 450 MHz PA DECK 

34,W drive for 4W out. 

Ready to install in your hand 

held. Less drive limiter. 


While they last... Only$10 BATTERIES 


= = orice 
eae ot : ‘@ Fr.) SPECTRONICS 


FOR ALL YOUR PORTABLE NEEDS 
SYNTHESIZED 


We are Alexander's sole national 


Covers 144.00-147.99 amateur market distributors 

2W Tx; .2 eV Rx In Stock fresh new: 

Combines RP synthesizer : Nieaesy - Mercurys 

with all Motorola Rx and Tx components NEW! Standard SR-146A Ni-Cad $38 


Terms of Sale: Sales to licensed Radio Amateurs for use on Amateur freqs only. All prices FOB Oak 
Park, IL. Check with order, COD or you can charge to JOUEs BankAmericard or Mastes Charge. 


SPECTRONICS 
the FM people 
1009 Garfield St. 
Oak Park, III. 60304 
Area Code 312-848-6778 |. _ a | _ 
Mon. — Thurs. 9:30-6:00 Fri. 9:30-8:00 Sat. 9:30- 3: 00 Closed SRE and Holidays 
INQUIRIES WITHOUT ZIP CODE OR CALL LETTERS . . . NO ANSWER 


the 


FM 


people 


SPECTRONICS 
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SSB CONVERTER CV-591A: Get upper or lower sidebands 
from any recvr. OK gatd. w/book $137.50 
SP-600(*) RECEIVER 0-54-54 MHz continuous, overhauled, 
aligned, grtd, w/boox 250. 


BRAND NEW FREQ-SHIFT TTY MONITOR 


NAVY OCT 3: FM Receiver type, freq. range 1 to 26 MHz 
in 4 bands, cont. tuning. Crystal calib. Reads up to 1500 Hz 
deviation on built-in VTVM. Cost $1100.00 each! In 
original box, with instruct. book & cord. fob Mariposa, Cal. 
Min. signal ‘needed: 15 mv. Shpg wt 110 Ibs 49.50 


HIGH-SENSITIVITY WIDE-BAND RECEIVER 


COMMUNICATIONS e« BUG DETECTION 
e SPECTRUM STUDIES 


38-1000 MHZ AN/ALR-5; Consists of brand new tuner/ 
converter CV-253/ALR in original factory pack and an exc. 
used, checked OK & grtd main receiver R-444 modified for 
120 v. 50/60 hz. The tuner covers the range in 4 bands: 
each band has its own Type N Ant. input. Packed with each 
tuner is the factory inspector’s checkout sheet. The one we 
opened showed SENSITIVITY: 1.1 uv at 38.4 mhz. 0.9 at 
133 mhz, 5 at 538 mhz, 44% at 778 mhz, 7 at 1 ghz. The 
receiver is actually a 30 mhz IF ampl. with all that follows, 
including a diode meter for relative signal strengths: an 
atten. calibrated in 6 db steps to —74 db, followed by an 
AVC position; Pan., Video & AF outputs; switch select pass 
of 2+200khz or +2 mhz; and SELECT AM or FM! With 
Handbook & pwr. input plug, all only H 


CV-253 Converter only, good used w/book 

30 MHz PANADAPTER OK grtd 

Meas. Corp. #59 Grid Dipper 2.2-420 MHz, 
NEMS-CLARKE #1670 FM Revr 55-260 MHz 


WWV Rcvr/Comparator 244-20 MHz, w/scope 


RECEIVER/COMPARATOR FOR 60 KHz WWVL standardizes 
to 1 part in 10 billion with inexpensive oscillators 495.00 


Attention! 
Buyers, Engineers, advanced Technicians: 


We have the best test-equipment & oscilloscope inventory 
in the country so ask for your needs . . . don’t ask for an 
per catalog . . . we also buy, so tell us what you have. 
rice it. 


R. E. GOODHEART CO. INC. 
Box 1220-HR, Beverly Hills, Calif. 90213 


Phone: Area Code 213, Office 272-5707 


300 MHz Prescaler w/preamp 
and post amp. 


Gated Marker Generator 


FM Channel Standard 
and Peaking Generator 


300 MHz Counters 


Send for free catalog 


K-Enterprises 
1401 N. Tucker Shawnee, Ok. 74801 


WORLD QSL BUREAU 


THE ONLY QSL BUREAU ito handle all 
of your QSLs to anywhere; next door, the 
next state, the next country, the whole 
world. Just bundle them up (please arrange 
alphabetically) and send them to us with 
payment of 5¢ each. 

5200 Panama Ave., Richmond, CA USA 94804 
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EK-420 C-MOS DELUXE KEYER 
FOR QRP OR KW... , $139.95 


as - « < 
KM-420 CW MESSAGE MEMOR 
100 OR 200 CHARACTERS , . . $299.95 for 

Brochures 


ELECTRO| TEL: sige 1973 
(415) 964-3136 . [  & © New FoR | 
GURIIS DEVICES INC., BOX 4090, MOUNTAIN VIEW, CA. 94040 


e Phone Mode /CB IED) 
AM. Made a Morrow Radio. Easy to convert, Approx. lw 
input pwr/squelch. Mic. included. Al CONDITION $14.95 
Headset-Microphone H-63/U 600Q earphones 100 chm 
mike suspended on headband. NEW $4.95 
Chest Set AN/GSA6 adapts above to GRC-VRC equipment 
NEW $2.95 
Potter & Brumfield industrial control relay 
New KU-4129-2 SPDT, SPST 115 VAC 60 cps 50¢ 
Teletype Ribbons — 35¢ ea., 12 for $3.50 

Sales Sheet now available. Send SASE for copy. 
FRANK ELECTRONICS, 407 Ritter Rd., Harrisburg, PA 17109 


MINIATURE 
SUB-AUDIBLE 


TONE $14.95 
ENCODER Tested 


Compatible with all sub-audible tone systems such as 
Private Line, Channel Guard, Quiet Channel, etc. 

Glass Epoxy PCB, silicon transistors, and tantalum 
electrolytics used throughout 

Any miniature dual coil contactless reed may be used 
(Motorola TLN6824A, TLN6709-B — Bramco RF-20) 
Powered by 12vdc @ 3ma 

Use on any tone frequency 67Hz to 250Hz 

Miniature in size 2.5 x .75 x 1.5/ high 

Complete less reed (Available in 33 freqs. for $17.50 ea) 
Output 3v RMS sinewave, low distortion 


Postpaid — Calif. residents add 5% sales tax 


COMMUNICATIONS SPECIALISTS 


P. O. Box 153, Brea, CA 92621 


Radio Amateurs 


of Maps and Atlas 


WORLD PREFIX MAP — Full color, 40” x 28’, shows 


prefixes on each country . . . DX zones, time zones, 
cities, cross referenced tables ..........postpaid $1.25 


RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD — from the center of the United States! Full 
color, 30’ x 25/’, listing Great Circle bearings in de- 
grees for six major U.S. cities; Boston, Washington, 
D. C., Miami, Seattle, San Francisco & Los Angeles. 

: at -postpaid $1.25 
RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color, 30’ x 25/7 — includes Central America and the 
Caribbean to the equator, showing call areas, zone 
boundaries, prefixes and time zones, FCC frequency 
chart, plus informative information on each of the 50 
United States and other Countries...... postpaid $1.25 
WORLD ATLAS — Only atlas compiled for radio ama- 
teurs. Packed with world-wide information — includes 
11 maps, in 4 colors with zone boundaries and coun- 
try prefixes on each map. Also includes a polar pro- 
jection map of the world plus a map of the Antarctica 
— a complete set of maps of the world. 20 pages. 
SIZE BAO TK ee .. postpaid $2.50 


Complete reference library of maps — set of 4 as listed 
postpaid $3.75 


See your favorite dealer or order direct. 


pitas RADIO “Ca allbco k SS 


HURE! 925 Sherwood Drive 
ibe ei E i ake Bluff, Ill. 60044 
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STANDARD 


pc ore: | 


Lom. 


POWER 


2m FM econ So 
LO mm 4 


MAXIMIZE 
YOUR AMATEUR RADIO 


What new 2M FM gives MONEY. that assures: top selec- 
me most for my money, e tivity, great sensitivity, 


performance vs. price? The 
answer's as clear as the superb 
reception you'll get on the new 
Standard 826MA, 10 wait, 2 
meter FM transceiver. You'll 
find such outstanding features 
as 12 channels — with the four 
most popular ones included — 
and a RF output meter with 
selection of 10 watts or 0.8 watt 
for battery conservation. And of 
course, our ‘‘Astropoint’’ system 


NEW 22 CHANNEL BASE STATION 
SRC-14U 


Ultimate in a 2M FM Transceiver features: 


0 22 channels 

O AC & DC supplies Built In 

O 10W (1, 3 & 10 selectable) 

0 Receiver offset tuning 

FL) VOX 

O Three Front Panel Meters 

O Plus many more exciting features. 


and rejection of unwanted sig- 
nals on today’s active 2M band. 
Helical Resonators & FET front 
end provide the performance 
needed for tomorrows crowded 
channels. Provision for tone 
coded squelch to activate mod- 
ern repeaters. A radio that won't 
become obsolete. Occupiesless 
than 200 cu. in. Weighs less than 
5 Ibs. It has all the same ‘‘Astro- 
points” as entire Amateur line. 


For detailed information on these; the complete Standard line and the name of your nearest dealer write: 


Standard 


Communications Corp. 


213 / 775-6284 - 639 North Marine Avenue, Wilmington, California 90744 
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SILICON 
BRIDGE 
RECTIFIERS 


Piv 2 Amp 6 Amp 
50 0 $.69 (2) $.88 
100 -79 -99 
200 -95 01.25 
400 01.19 (2) 1.50 
600 1.35 1.75 
s00 (1.892 1.95 
1000 1.79 2.25 
Code: 2 : amp TO-5 case 


Similar to Mostek 5001. Outperforms Texas $- 0 Onty 
12-DIGIT digit TMS1802. A 40-pin DIP. Adds, multiplies, 
“CALCULATOR ‘subtracts, and divides. Use with 7-segment $12 O5 
readouts, Nixies, and LED’s. We include sche- s 
ON A CHIP’’ matics, instructions to build calculator. 3 for $35 


sc. Spring Gearance Sale 


Buy Any 3 - Take 10% Discount! © FACTORY Buy Any 
GUARANTEED 


O 531 Hi slew rate op-amp (TO-5) 


INTEGRATED CIRCUIT SOCKETS soll 6. Sas FACTORY manxen 
Op A mp 


14-Pin, dual in line ..$.45 
16-Pin, dual in line .. .50 
TO-5, 8 or 10 pins 


6 Amp 1/2 x 1/2 x 3/16 sq 292 (1) 532 Micro power 741 (TO-5).......... 
O 533 Micro power 709 (TO-5) ......... 
WIRE-WRAP 79€ca (1) S36 FET input op amp (TO-5) spree 
INTEGRATED CIRCUIT ey pasion 7a (TO-5S) ivo-8) 
pwr driver amp ya ees 
SOCKETS 3 tor $2.00 1 550 Precision 723 voltage reg. (DIP) ... — 
555 Timer 2 uSeconds to 1-hr (A) ...... 1. 
1) 556 5 Times faster than 741C ........ 2.50 
3 ony $3.95 12VDC QO) $58 Dual 741 (mini DIP). ........... 88 
ie 1) 560 Phase lock loops (DIP) ........... -25 
MAN-4 EQUAL POWER PAC 561 Phase lock loops (DIP) ........... 3.25 
LE 7-SEGMENT O S62 Phase lock loops (Oey: Re Dsckba ts < 328 
565 Phase lock loops (4 eer ech 
: READOUTS 110 VAC to O S66 Function generator ve = ... 3.28 
0-9 piss letters, ; 12 VDC @ (1) 567 Tone generator (A) ...............-3.25 
kes LOPS Uh ate P ip 16 amp 1 595 Four quadrant multiplier .......... 3-10 
Pee Voie Apes 5x 2% x 334” O 702C Hi-grain, DC amp (TO-5) ........ 44 
oar ones Dees 3. 33 Xen O 703C RF-IF, amp, 14 ckts (TO-5) ...... -69 
P's. eKatr bavcree Z O 709C Operational amp (A) ........... -39 
PORES TOE AD OVes BNE QO 7O9CV Op amp (mini DIP) sia io! Oe ee 
QO) 710C Differential amp (A) .:;.........- - 
6VDC 6GAMP/HR 711C Dual diff. comp (A) ............. -39 
MOTORCYCLE BATTERY () 723C Voltage regulator (A) ........... 95 
Worth $10-$15 x 741C Frequency compensator 709 (A) .. .41 
hes $ only $5.95 741CV Frea. comp 709 (Mini DIP) .... | -49 
Use as power pak for mobile O 747C Dual 741C (A) .. ‘ Ramones 
rigs & steel Ham”’ compo-  . Compact Ol 748C Freq. adj. 741C (A) . oe ag 
nents, other electronic proj; , Needs only 748CV Freq. adj. 741C (mini DIP) nee, 49 
ects. Size: 57/2 tall x 47/g Electrolytic 0 709-709 Dual 709C (DIP) ........... 1.00 
wide overall x 2%”. O) 739-739 Dual stereo preamp .......... 1.98 
Shipped dry, must be filled () 741-741 Dual 741C (A) ............. 1.00 
before use. 0 75450 Dual peripheral driver (DIP) .... .69 


(A) TO-5 or DIP dual in line pak 


eure Prices 


‘HAM’ UHF 400 MC 
TRANSISTORS Largest Selection TTL IC's = 
scount 


“DIP’’ Packages Order by type number! 
t Spec sheets e Ms 
eal Rie irae pre ieee a on request ‘‘ONLY 


Se $3. 95 QO SN7400 $.2 = O 

O SN7401 9:28 O SN7438 151 SN7480 ‘65 SNe agee 1.13 
3 for $10. H | @.c0 SN7402 “25 | U SN7440_ 125 Ol SN7481 1.10 Ci sNeate re 
2° SN7403 ‘25 O SN7441 1.30 O SN7482. ‘88 A SNeanee oe 
By RCA or equal 2N3632.] £°Q snvaoa “28 D SN7442 1.12 O SN7483 1.25 Cl SNvaee foe 
NPN, 23 watts, 3 amps,| §%Q snzaos ‘32 | UO SN7443 1.21 O SN7486 149 5 sneaeee ee 
TO-60 case, with stud mtg.] $20 SN7406 ‘as (] $N7444 1.21 O SN7489 3/50 A eneaiee ie 
VCEV max 65. GeO SN7Gor as | envaaa es ee 1 §N7490 1.00 O SN74ie0 179 

i SN7408 ‘29 : SN7491 1.25 Ol SN74 : 
5 ENz405 O SN7447 1150 SN7492 yesh 
PLASTICRTL’S | 3/5 sh7a03 22 | O snraaa 1:28 | 4 ENrags 78 | O SN7a162 1:79 

. . > SN7411_ |; -25 C] SN7494 1. : 
By Fairchild ® $20 sn7ai3_ 95 | O SN7451 (25 1 SN7495 38 fe SN tee eee 
6») SN7416 ‘ag | H $N7453_ 125 SN7496 110 envaioe nae 
Choose Any S530 sn74 SN7454_.25 O SN7 CQ) SN74181 4.50 

F 17.48 | 5 SNvo 4100'1.41 O $N74182 

2f 1.00 O $N7420_ 125 J 55 .25 O SN74107 49 A710 
or z * © sn7a21 ‘Se O SN7460_.21 O $N74121 (49 0 SN74£05 2.50 
0 900 Buffer Cl SN7426 132 = ship 39 1) SN74122 ‘65 B sNvatee 2.50 
914 Quad 2 Input Gate [) $N7430 .25 O SN7473 las BS eneaes O SN74193 7s 
0 923 J-K Flip Flop O SN7432 .25 Ci sNv4 -4 L] $N74141 1.45 O SN7419 75 
suFactoryuatueas 74 139 SN74145 1.25 Siig 
! O SN7475 1.00 O SN74150 1.25 _Ush7ai8s ass 


— 


—} HOT MOS FETS ———— 


OD 2- MOS FETS, N channel 10k umos 3N128, TO-18, RCA$1 
O 2- MOS FETS, DUAL GATE, N chan., 3N187-1, TO-18, $1 
O 2- MOS FETS, DUAL GATE, N chan., 3N140-1, TO-18, $1 


LED—PHOTO—SOLAR ‘DOLLAR STRETCHERS’ 


COUNTING 

SYSTEM 
Includes SN7490, dec- 
ade counter, SN7475 


latch, SN7441 BCD de- 
coder driver, 9-to-9 


2, ? Nixie tube, instructions 
O 3— “LEDS”, visible, micro-miniature, axial leads .. oH 
Lowest prices on $2. 95 0 2— “LEDS”, infrared, jumbo, TO-1%,. 35 ; 
LED READOUTS 4. 50 O2— “LEDS”, visible, jumbo, red, TO-1%.... 3 

O 1 — “*LED’’, invisible, purabolic reflector, RCA. oni Se 
0-9 plus letters, 3 for $12. este 2—— () 1 — PHOTO TRANSISTOR, with darlington amp filter, lens $1 
for SN7446 or SN7447.. Take 10% 2 — PHOTO TRANSISTORS, with darlington amp, 2N5777 $1 
Snaps in 14-pin DIP . fi é () 4 — PHOTO CELLS, Clairex. pancake, 30K-70 ohms. ... $1 
This display is excellent for ||) 2 — SILICON SENSORS, TEXAS, H-38 Matchstix, visible $1 


Broo cee small portable electronics, aes 

5V, 20-mils per seg." ete. Equiv tous ean Maueanié ltipaiee 

characters: Yax3/16". MAN 3A, Operates from 5V,| NATIONAL 092.254 

DO Sockets .50 ea. chm ‘dropping resistor, | WOLTAGE REGULATOR 
LM-309K 5 volts, 1 amp TO-3 case. Internally 


set. Overload and short circuit proof, No exter- 
nal components. With spec sheets. 3 for $6.00 


Terms: add postage, cod’s 25 %. Rated: net 30 
Phone Orders: Wakefield, Mass. (617) 245-3829 
Retail: 16-18 Del Carmine St., Wakefield, Mass. 
(off Water Street) C.0.D.'S MAY BE PHONED 


“DIGITAL CLOCK ON A CHIP’ 


onty $14.95 


ker. 24- _ 
SD-5314a'direct substitute to famous U.S. ma wo. Som Water Street) ° C-0.D.'S MAYBE ae 
Pin ‘DIP — IMAGINE! ONE CHIP ELIMINATING 15 ‘ 
other parts. Space Saver! Money saver! Latest in lena 15¢ CATALOG on Fiber Optics, ‘ICs’, Semi's, Parts 
design. Features 12 or 24- hr. operation, 4 or 6 digits, , 
40 or 60 Hz operation, Internal digit multiplex oscilla- 
tor, leading zero blanking, high output current for sim- Buy 3 
ple readout interface. Single power Sc meat ea Take 
VO 
oe 10 % P.O. BOX 942H., LYNNFIELD, MASS. 01940 


Digit blanking for reduced current drain, 
Spec sheets included, 


range. Full MOS LSI. 
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@B RATES Commercial Ads 25¢ per 
word; non-commercial ads 10¢ per word 
payable in advance. No cash discounts 
or agency commissions allowed. 


Hi COPY No special layout or arrange- 
ments available. Material should be type- 
written or clearly printed and must in- 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 


available issue. Deadline is 15th of 
second preceding month. 
@§ SEND MATERIAL TO: Flea Market, 


Ham Radio, Greenville, N. H. 03048. 
PS 


SIGNAL ONE OWNERS, expert and prompt service 
by ex-Signal/One employee. Write or call for details. 
Larry Pace, K2IXP/7, 1071 W. Roller Coaster, 
Tucson, AZ. 85704 (602-888-5234) 


VERY in-ter-est-ing! Next 6 big issues $1. “The Ham 
Trader,’”’ Sycamore IL 60178 


MOULTRIE AMATEUR RADIO KLUB, 12th Annual 
Hamfest, Wyman Park, Sullivan, Illinois, April 29, 
1973, Indoor-outdoor market. Ticket donation $1.00 
in advance — $1.50 at the gate. For information 
write M.A.R.K. Inc., P. O. Box 327, Mattoon, Illi- 
nois 61938. 


NEW SCANNER BOOK from Sams, includes _com- 
prehensive servicing data for 30 popular UHF and 
VHF Scanner-Monitor receivers including models by 
B & K, Browning, Johnson, Midland, Pace, Pearce- 
Simpson, Penney’s, Realistic, Sonar and Teubury. 
Just $4.95 postpaid from Comtec, Greenville, 
N. H. 03048. 


ROCHESTER, N. Y. is the place to go for the 
largest Hamfest, VHF meet and flea market in 
the northeast, May 12th. Write WNY Hamfest, Box 
1388, Rochester, N. Y. 14603. 


FOR YOUR FUTURE ROBYN RADIOS send your 
order to, Two Way Radio Sales, 1501 Monroe 
Street, Bogalusa, La. 70427 or 202 Farrell Street, 
Picayune, Miss. 39466. 


WANTED: tubes, transistors, equipment what have 
you? Bernard Goldstein, W2MNP, Box 257, Canal 
Station, New York, N. Y. 10013. 


YAESU FL 2100 LINEAR, brand new, $290.00 plus 
shipping. KS6EQ, Courthouse, Pago Pago, American 
Samoa, 96799. 


SWAP OR SELL CV-591A/URR SSB_ RECEIVING 
CONVERTERS — Complete, unchecked with man- 
uals. Clem - K8HWW, 33727 Brownlea, Sterling 
Heights, Mich. 48077. 1-313-268-2467. 


22nd ANNUAL DAYTON HAMVENTION will be held 
on April 28, 1973 at Wampler’s Dayton Hara 
Arena. Technical sessions, exhibits, hidden trans- 
mitter hunt, flea market, and special program for 
the XYL. For info write Dayton Hamvention, Dept. 
H, Box 44, Dayton, Ohio 45401. 


WORLD QSL — See ad page 96. 


BARGAIN HUNTERS! Don’t miss out. Closeout of 
18th Edition of W6SAI’s Radio Handbook, list 
$13.50, only $7.95 ppd. while they last. Comtec, 
Greenville, N. H. 03048. 


COMPUTER .. . Want Heathkit analog computer. 
R. J. Schlesinger, K6LZM, 5108 Melvin Ave., Tar- 
zana, Calif. 91356. (213) 342-4376. 


CANADA NOW HAS A NATIONAL QSL BUREAU: 
If your bureau sends QSL cards to Canada we in- 
vite you to use the service of this bureau. We will 
help you here by sorting the cards into the differ- 
ent Provinces. There are ten provincial bureaus in 
Canada. You may send Canadian cards in bulk to 
this address. We will promptly sort them here and 
distribute to the ten provincial bureaus. There is 
no cost to anyone for this service. The Canadian 
Amateur Federation Inc. is glad to make this new 
national bureau available to any QSL bureau in the 
world for cards coming into Canada. We hope it 
will help you in handling cards for this country. 


RID-O-RAY, America’s best known electric bug kill- 
er. Safe, dependable design provides years of 
trouble free performance. S-15 for 14 acre $89.95. 
Model D-15 for 34 acre $109.95. Shipping paid 
East of Mississippi. West add $5.00. 10% discount 
thru April 30th. Comtec, 140 Main St., Greenville, 
N. H. 03048. ——- 

MOBILE IGNITION SHIELDING provides’ more 
range with no noise. Available most engines in 
assembied or kit forms, plus many other suppres- 
sion accessories. Free literature. Estes Engineering, 
543-H West 184th, Gardena, California 90248. 


TUBES save $$$$$ send RFQ: Tubes International, 
Wainright, Ak. 99782. 


TOROIDS, iron “‘E’’ powder 80-10 meters. .500/ — 
8/$1.00, .940/ — 4/$1.00, 1.437 — 75¢ each 
or 3/$2.00, 2.3107 — $1.50 or 3/$4.00. Please 
include 50¢ postage, slightly more on large orders. 
Fred Barken, WA2BLE, 274 E. Mt. Pleasant Ave., 
Livingston, N. J. 07039. 

SELLING OUT. Send 


address for list. Cline 


WA7TMR, Box 216, Logan, Utah 84321. 


HOOSIER ELECTRONICS has the best deal around 
on the ham gear you want. Write us for a quote 
and try our fast, friendly Hoosier service. Factory- 
authorized dealers for Regency, Drake, Standard, 
Ten-Tec, Galaxy, Hy-Gain, Cush-Craft, Hustler, Mos- 
ley, Ham-M, Bowmar Pocket Calculators, plus many 
more. Orders for in-stock merchandise shipped the 
same day. Write or call us today for our quote and 
become one of the many happy satisfied customers 
of Hoosier Electronics, R. R. 25, Box 403, Terre 
Haute, Indiana 47802. (812) 894-2397. 


QSL’S. Second to none. Same day service. Samples 
25¢. Ray, K7HLR, Box 331, Clearfield, Utah 84015. 


WANT OLD RADIO SHOW TRANSCRIPTION discs. 
Any size or speed. Send details to, Larry Kiner, 
W7FIZ, 7554 132nd Ave. N.E., Kirkland, Wa. 98033. 


ANTIQUE Western Electric speaker (ca 1925), needs 
cone, sent free to first person who sends postage 
for 5 pounds, parcel post. Jim Fisk, Greenville, 
NH 03048. 


MANUALS for most ham gear made 45/65, some 
earlier. Send SASE for copy quote. Hobby Industry, 
WOJJK, Box 864, Council Bluffs, lowa 51501. 


SELL: Polytechnic Research Development — Pre- 
cision Frequency Meter — Navy type 560-cavity 
tuned 2400-3400 MC./S. A gem instrument. Make 
offer. W9CO, 604 Wyatt, Lincoln, Illinois 62656. 


NEED 4D32 for 32V2 rig, or circuit diagram for 
6146A/B or other. will pay. Jerry, WA7RYS, Box 
389, Christmas, Ariz. 85292. 


TELL YOUR FRIENDS about Ham Radio Magazine. 
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Highly popular Editors and Engineers books from 
Sams give amateurs everything they need to know 
about radio operation and technology. They’re 
authoritative, clear, and easy to follow. You’ll want 
them for your library. 


Famous E&E RADIO HANDBOOK—19ih Edition 

By William !. Orr, W6SAI 

The completely updated electronics industry standard 
for engineers, technicians, and advanced amateurs. 
Shows how +o design and build all types of radio- 
communications equipment. Includes ssb design and 
equipment, RTTY circuits, latest semiconductor cir- 
cuits, IC’s, and special circuitry. No. 24030—$14.95 


SINGLE SIDEBAND: THEORY & PRACTICE 

By Harry D. Hooton, W6TYH 

A basic text covering the origin of ssb, derivation of 
signals, sideband selection, ssb generators, carrier- 
suppression techniques, carrier generators, speech 
amplifiers and filters, balanced mixers and converters, 
low-power ssb, transmitters, linear r-f power amplifiers, 
and much more. No. 24014—$6.95 


SEMICONDUCTOR AMATEUR PROJECTS 

By Louis M. Dezettel, W5SREZ 

For the ham who still takes pride in using his hands 
and head, here are projects for 16 useful, money- 
saving accessories, using easy-to-build semiconductor 
circuitry. Units are for measuring equipment, increas- 
Oe power and adding convenience, etc. No. 24025— 
4.95 


MARINE SINGLE SIDEBAND 

By Donald M. Stoner and Pierre B. Goral 

Covers the why and how of single sideband; interpret- 
ing specifications, alignment tests and measurements, 
installations, securing a limited coastal license, high- 
seas telephone service, and marine radio terminology. 
No. 24029—$5.95 


RADIO AMATEUR OPERATING HANDBOOK 

By Marshall Lincoln, W7DQS 

This single-source working guide is a practical aid for 
improving the operating methods and techniques of 
hams. No. 24028—$4.95 


SOLID-STATE QRP PROJECTS 

By Edward M. Noll, W3FQJ 

By building QRP equipment you learn solid-state tech- 
nology, since these rigs include transistors and/or 
integrated circuits. The low-cost units described have 
power ratings from less than 100 milliwatts up to about 
20 watts. Both cw and phone rigs are included. No. 
24024—$4.25 


73 DIPOLE AND LONG-WIRE ANTENNAS 

By Edward M. Noll, W3FQJ 

Detailed construction data for 73 different types of 
wire antennas. Appendices describe construction of 
noise bridges and line tuners, plus data on measuring 
resonant frequency, velocity factor, and SWR. No. 
24006—$4.50 
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Problem-solving handbooks 


= EDITORS AND ENGINEERS == 


73 VERTICAL, BEAM, AND TRIANGLE ANTENNAS 

By Edward M. Noll, W3FQJ 

Design and construction of 73 different antennas used 
by amateurs, each built and air-tested by the author. 
Also construction of noise bridges, transmission-line 
tuners, and measurement methods. No. 24021—$4.95 


ELECTRONICS FOR THE AMATEUR 

By Louis M. Dezettel, W5REZ 

Covers radio-wave propagation as it applies to amateur 
band frequencies, reception and transmission pertain- 
ing to ham equipment, and the special field of anten- 
nas and how to feed them. Provides you with every- 
thing needed to pass the theory sections of the FCC 
exams. No. 24022—$7.95 

RADIO AMATEUR’S F-M REPEATER HANDBOOK 

By Ken W. Sessions, Jr., KEMVH 

The definitive work on amateur f-m repeaters. Includes: 
Preparing and obtaining sites for repeaters; How to 
build a repeater; Repeater applications; and an f-m 
repeater directory. No. 24008—$6.95 

AMATEUR TESTS AND MEASUREMENTS 

By Louis M. Dezettel, W5REZ 

Shows how to accomplish virtually all performance 
tests on amateur transmitters, receivers, and antennas, 
ral how to make required adjustments. No. 24007— 
5.50 

HAM AND CB ANTENNA DIMENSION CHARTS 

By Edward M. Noll, W3FQJ 

Tabulates dimension data in feet and inches for all 
popular antenna configurations. With this data, an an- 
tenna can be dimensioned for a specific frequency 
range according to license class and mode of opera- 
tion. No. 24023—$1.95 


Order from your electronic parts 
distributor or send coupon below. 


Howard W. Sams & Co., Inc. HRO43 
4300 W. 62nd St., Indianapolis, Ind. 46268 


Send me the following books. Nos. 


$ _ i encl 
Please include sales tax where applicable 


LJ Send FREE 1973 Sams Book Catalog 


Name 


PLEASE PRINT 


Address 


ee ee od 


State Zip. 
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WE BUY ELECTRON TUBES, diodes, transistors, 
integrated circuits, Semiconductors. Astral Elec- 
tronics, 150 Miller Street, Elizabeth, New Jersey 
07207, (201) 354-2420. 


TELETYPE, Kleinschmidt, mite, machines, parts, 
ribbons, motors, gears, manuals. Buy late ma- 
chines, all unused parts. Wanted: Teletype man- 
uals. SASE for list. Typetronics, Box 8873, Ft. 


Lauderdale, Fla. 33310. 


VALUABLE COLLECTION: Your back issues of Ham 
Radio are an important technical reference source. 
Protect them with binders ($4.50 each, 3 for $12.00 
ppd.) and find the articles you want with our 
special Cumulative Index only $1.00 ppd. Ham 
Radio, Greenville, N. H. 03048. 


WA8TMR DECEASED. Wife must sell Swan 500CX 
single sideband transceiver and power supply 117XC. 
Excellent condition. Mrs. John Sercia, Box 144, 
Brookfield, Ohio 44403. 


REPAIR TY TUNERS — High earnings, complete 
course details, 12 repair tricks, many plans, two 
lessons, all for $1. Refundable. Frank Bocek, Box 
3236 (Enterprise Branch), Redding, Ca. 96001. 


WANTED — Collins KWM2A. Must be 2A only. 
Price to Cal Moss, KL7ZHEM, P. O. Box 2191, 
Fairbanks, Alaska 99707. 

LINEAR BUILDERS — Model DS-12 2.5A/12,000 
PIV diode rectifier, replaces 866, 3B28, and 872. 
R-C suppressors, $9.95. At your dealer or order 
direct ppd. HEP-170 2.5A/1000 PIV diodes 30¢ 
each, direct only. K. E. Electronics, Box 1279, 
Tustin, California 92680. Send SASE for informa- 


tion on plate chokes, filament chokes, and pi- 
networks. 
GREATER BALTIMORE HAMBOREE will be held 


Sunday, April 8, 1973, at 10 a.m. at Calvert Hall 
College, Putty Hill and Goucher Boulevard, Towson, 
Maryland (1 mile south of Exit 28 Beltway - Inter- 
state 695), food service, flea market, prizes. regis- 
tration $2.00. No table charge or percentage. Info: 
Joe Lochte, 5400 Roland Avenue, Baltimore, Mary- 
land 21210. —— 

HALLICRAFTERS SR-150 & PS-150, $275; Gonset 
3212 2 meter power amplifier, $125; Poly-Comm 
62-B, $100; all in good condition with manuals. 
W2WRI, J. A. Kammerer, 23 New Street, Katonah, 
N. Y. 10536 (914-232-8349). 


HAMFEST — Wabash County ARC Fifth Annual 
Hamfest, Sunday May 20, rain or shine. Admission 
is still only $1. Flea market, food, tech talks and 
much more. For information write Bob Mitting, 
663 Spring, Wabash, In. 46992. 


MODERNIZE FOR PEANUTS! Frame &_ Display 
QSL’s with 20 pocket plastic holders. Two for $1.00, 
seven for $3.00. Prepaid, guaranteed. Universally 
used and approved. Order now. TEPABCO, Box 
198H, Gallatin, Tennessee 37066. 


PRINTED CIRCUIT DRILL BITS. Trumbull, 833 
Balra Drive, E! Cerrito, California 94530. 


FOR SALE: SB-401 with xtal pack, condition good. 
75Al1 by Collins. Full MHz coverage on each 
band, 80-10, condition good, $150.00 for each, 
$300.00 for both. Virgil L. Jiles, Jr., 4606 Tumble- 
weed, El Paso, Texas 79924. 


THE SPRING AUCTION of the Rockaway Amateur 
Radio Club will be held Friday evening, April 27th 
at the Hall of Science, Worlds Fair Grounds, Flush- 
ing, N. Y. Doors will be open at 6:00 p.m. to ac- 
cept items for the sale. The auction is scheduled 
to begin at 8:00 p.m. A one dollar donation will 
be accepted at the door. For further information 
contact: Al Smith, WA2TAQ, P. O. Box 341, Lyn- 
brook, N. Y. 11563. 


2 MTR FM CHEAP? Will convert your 2 mtr Gonset 
Ill for 2 mtr FM - $35.00 plus shipping. Jim Gysan, 
WI1VYB (617) 922-3850. 


TEKTRONIC 545A mainframe; B, CA, S_ plugins, 
manuals, $1100. Heathkit Q meter, $50; 10-10 DC 
XY scope, $60. Lafayette CR Analyzer, $25. Sears 
#2140N lathe & accessories, $225. All like new 
condition. Jim Ashe, P. O. Box 6, Cambridge, 
Mass. 02138. (617) 926-4189. 


More Details? CHECK—OFF Page 110 


621 HAYWARD STREET 


ft MANCHESTER, N.H. 03103 
CORPORATION 2 


WANTS TO BUY 


All types of military electronics equipment and 
parts. Call collect for cash offer. 


SPACE ELECTRONICS division of 
MILITARY ELECTRONICS CORP. 


76 Brookside Drive, Upper Saddle River 
New Jersey 07458 ® (201) 327-7640 


THE RECIPROCATING DETECTOR 
AsvatKit®$36:2.°"..4-. 2 Wired $45 


State your IF Frequency 


PETER MEACHAM ASSOCIATES 
19 Loretta Road, Waltham, Mass. 02154 


F.C.C 

- MANUAL 
PASS FCC EXAMS! Memorize, study — 
1973 Tests-Answers’’ for FCC First and Sec- 
ond class Radio-telephone licenses. Newly re- 
vised multiple-choice questions and diagrams 


cover all areas tested in FCC exams. — _ plus 
“Self-Study Ability Test.’’ $9.95 Postpaid. 


Zim AY 
COMMAND PRODUCTIONS P.O. BOX 26348.K 
RADIO ENGINEERING DIVISION SAN FRANCISCO, CALIF. 94126 


READOUTS $3.00 


7-SEGMENT 5 VDC 
Long life incandescent tube 4 inch high 
character. Drive with 7447 IC. Write for 
complete list including polarizing filters, 
complete counter modules, many more 


items. 
: sve P.0. BOX 1044 
Display Electronics (ittceton, co so120 
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Vultivles 
of 10 
Per Item 


Iny Vulliples Iny 
Quantity: of 10 Quantity 
Per Item Per Item Per Item 


(Mix) (Mix) (Mix) (Mix) 


Catalog 1-  100- 1000 100- Catalog - 100- 1000 100- 
Number 99 999 Number 999 up 990 


7400 26.25 74176 1.45 
7401 36) 25 TAITI 1.45 
7402 26.25 74.180 1.07 
7403 26.25 74181 4.59 
7404 28 27 74.182 1.07 
7405 8 SNOT oe ee 

7406 "5350 74192 1.76 
7407 2. 50. 34 Ad TA193 1.76 
7408 ie Ue 74198 2.50 
74.09 32 30 74199 


7410 26 25 
7411 28° 527 
TAL3 298 485 
7416 02 .50 
T417 02 = .50 
7418 26 © .25 74805 1.00 
7420 20> 52a) 32s : 74808 -88 
7421 é «20, 4 - 7 88 
7423 4 Oy 2 . -88 
7425 “ : AE Ad | 88 


74.26 Evie eo ae 5 88 
7430 : i256 .28 s ASS 

7437 74822 $8 
7438 74840 00 
7440 74850 88 
7441 74851 88 
7442 74860 88 
7443 TAS64 88 
7444 74865 88 
(445 74873 1.82 
7446 TAS74 1.82 


7447 748107 1.82 

7448 748112 1.82 

7450 748114 1.821. 
Ge 748140 1.00.95 
(46 
7454 LINEAR. IC’S 
7459 
7460 
7470 


7472 
TA73 
TATA 
TA75S 
7476 
7480 
7482 
7483 
7485 
7486 


7490 
7491 
7492 
7493 
7494 
7495 
7496 
74100 
74107 
74121 


74122 
74123 
74141 
74145 
74150 
74151 
74153 
T4154 
74155 
74156 


74157 
74158 
74160 
74162 
74166 


Oe ee 
NWN aAad 


me OO COOCONW 


RON et 
aenovs 


SCHOTTKY 1 


74800 88 
74801 88 
74803 88 
74804 1.00 


UMA 


Nvywby 


BAR HQ 


tin: 


FE Fe et fest tpl fd 
Aas fb 


No te ie bo 


Bunn 


NESO1A 
NE526A 
NE531V 
NE533T 
NE536T 
NE540T 
SE540T 
NE550A 
NE560B 
NE561B 


NE562B 
NE565A 
NE566V 
NSIIIA 
N5595A 
N5596A 
709V 

TIOA 

TILA A : e 
723A 3 19% 90 
733A 5 : 1.70 
7417 Ad AS 40 
TATA 2054 94 
748V A 43 
LM335 2 2.64 
LM336 3:89) 6 3.46 
LM337 4.05 3. 3.51 


ES ocookoolors w) 
DSo-—L_oB 
SHreLNS 


Aunty bh—wonune 


NAF SASH— HSS 
mm TOCRwWURD 
MAF WNADAWA 


SO ERIGC Se SO ihe ot G0 oy SoBe, 
NNR wr QWwuENnh 


BONN 
CWOW WweNCoOuunwe 


onan 
Pig pee obed tai rena aed 
AAA 
Nt 
COD Cro 
SRE BREE 


WHOS 
ES 


GAS SS meee 
CENNNG 
Biwi 
S08 


on 
NOOSCDH® OCVOOuNwunwuaay w 


AND DIODES 


14 
-09 
09 
-10 
AZ 


Nowe 


1N4006 
IN747A thru 
IN758A 


2N3860 


ee Oe ee 
SCNNVRR WwwurLuUwnse 
a to ee re 


WHILE THEY LAST 


LM101A 3.50 LM306 
LM201 i 5 2 1.75 LM 207 
LM301 5 1. 85 -70 LM307 
LM 206 . ‘ : 3.40 LM105 


All IC's are supplied in 8—, 14—, or 24—pin DIP (Dual-in-line) plastic or ceramic package except 
for NE536, NES 40, SE540, LM101A, LM201, LM301, LM206, E306, M207 ol LM 105 which 
come in TO—5 package. Voltage Regulators LM335, LM336 and LM337 are supplied in TO—3 
(Diamond) package. : 


We give FREE data sheets upon request, so ask for those data sheets that you NE even for 
those listed IC’s that you are not buying. On orders over $25.00 we'll send you a 1 270-page 
COMPLETE TTL IC data book FREE. Or, ou may obtain a new 240-page LINEAR data hook 
instead. Orders over $50.00 will receive both books. Orders over $100.00 will receive a complete 
LIBRARY OF DIGITAL & LINEAR data & application books totaling 1,000 pages FREE. The 
above mentioned books are sent upon request only to avoid duplication. PLEASE NOTE: Data 
books are shipped separate from your order. Please allow two weeks for delivery. 
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LED 7-SEGMENT DISPLAY: 


Solid State Systems has now expanded it's line of LED Displays and also reduced their 
cost. The following are now available from us at these prices. 


1-49 50—99 100—499 500—999 1,000 up 


3.40 3.00 
5 3.29 
3.00 
6.50 
6.50 


3.75 
4.00 3.66 
3.75 3.40 
7.00 6.75 
7.00 6.75 
3.00 2.75 2.50 
3.00 2.75 2.50 
2.50 2.25 1.90 


wannavna 


SSS-9 

Minitrons * 
The SSS-7 and SSS-9 are the common .33 in character height 7-Segment and overflow 
display respectively, with decimal point on the left and wide angle viewing. The SSS-1 


and SSS-2 have the same physical dimensions as the SSS-7 and SSS-9 with increased life 
and slightly lower current requirement. The SSS-IC is the same as the SSS-1 except it has 


2 colon instead of a decimal point, making it ideal for use in a digital clock. The SSS-3 


and SSS-4 are the new giant .77 in character height 7-Segment and overflow display 
respectively, with decimal point on the right and readability up to 40 feet. *Also included 
above is a new reduced price on our Incandescent 7-Segment Display. 


Package of 8, 1/4 watt current limiting resistors .................0--- $0.30. 


MOLEX IC SOCKET PINS: Use these economical pins instead of soldering your IC's to 
PC boards. Sold in continuous strips in multiples of 100 pins only. 


200 for $1.80 300 for $2.60 400 for $3.40 


600 for $5.00 700 for $5.80 800 for $6.60 
1000 for $8.20 each additional 1,000 $7.50 


100 for $1.00 
500 for $4.20 
900 for $7.40 


Dual-in-line SOCKETS. Brand new with gold plated pins. 


1—49 50—99 100—499 500—999 1,000 up 


4 Pin, . 50 45 AO 
6 Pin ? Solder 155 50 (45, 
A-Pin-, .. 55 250 A5 
6 Pin » Wire Wrap 60 ‘55 5.0 
4 Pin y Closed-Entry 05 05 04 
6 Pin Cap 05 -05 04 


! 
| 
| 
! 
| 
1 


STANCOR TRANSFORMERS: Ideal for use with LM series. 
P-8180, 25.2VCT, | amp 
P-6134, 6.3VCT, 1.2 amp 
HEAT SINKS: Wakefield series 680 circuit board coolers. 1%” high with a dissipation up 
to 20 watts. Designed for use with TO—3 package. 

1-19 50—99 100—499 500—999 1000 up 
Type 680— 1.25 2 1.10 1.00 90 .80 


GRADE (S-band) RES 
MQ % or % WATT. 


Type 5GA-1000WVDC: 


CERAMIC DISC CAPACITOR 
5 30, 33, 39, 50, 56, 68, 75, 82, 100, 120, 150, 180, 200, 


75, 10; 12, 15; 20, 


LOW VOLTAGE DISCS, Type UK. 
L.0uF, 3V 
WF, 10V ... 


ELECTROLYTIC CAPACITORS: All values are available in both, axial or upright (PC 


Board) mount. Please indicate your choice. 


Suk 5 OVI peace $.10 
[OeR SOV Aone Ses $.15 
20uF,50V .. i 
50uF,50V .. 

100uF, 50V... 
200uF,50V ... 

500uF, 50V 


50uF, 35V 

100uF 

500uF, 35V .. 
1000uF, 35V ... 
IuF, 50V 

2uF, 50V 

3uk, 50V 


100uF, 
220pF, 
500uF, 
1000uF, 
20uF, 25 


TERMS: Rated firms NET 30 days Otherwise check or money order with order. 
Bank Americard and Mastercharge are welcome. All invoicing is now done by computer 
therefore, the following standard charges will automatically be added to your order. 

If your merchandise total is between: 

SPECIAL CHARGES 
$1.00 
$0.50 
$0.25 
$0.75 


additional 
additional 
additional 
additional 


0.00-8 4.99 add 
5.00 - $24.99 add 


s $1.00 coD 
$ 

$ 25.00-$49,99 add 

$ 

$ 


$0.75 Air Mail 

$0.50 Postal Insurance 
$0.25 Special Delivery 
$0.00 


5 50.00 - $99.99 add 
100.00 and up add 


With this new system all shipments will be F.O.B. destination, via First Class or UPS 
(your choice). These charges include shipping, handling and insurance. 


MISSOURL RESIDENTS: Please add 4% sales tax. 


BANKAMERICARD 


weleome hore 


ORDER DESK 
(TOLL FREE) 
1-800-325-2595 


SOLID STATE SYSTEMS, INC. 


P.O. BOX 773 © COLUMBIA, MISSOURI. 65201 master charge 


THE INTERBANK CARD 


TWX 910-760-1453 @ PHONE 314 - 443-3673 
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ROCKET CITY REMAILING 25¢ each. Receiving, 
forwarding. Brochure. Gem, 4624H Daugette, 
Huntsville, Alabama 35805. 


FOR SALE: By WAIEPK. Hallicrafter SX-122, mint, 
$185.00. Hammarlund HQ-150, $125.00.Lettine radio 
model 242, 6 meter TX, $50.00. SRR- 13 receiver, 
$150.00. Box of crystals, $10.00. Call (617) 391-4230 
after 7 p.m. nites. Dwight Perkins, 559 Fulton St., 
Medford, Mass. 02155. 


BUY your Howard Sams Books from us. Free 
catalog on request. Discounts on orders over 
$15.00. Comtec, Greenville, N. H. 03048. 


FIGHT TVI with the RSO Low Pass Filter — pl15 
March 73 — write for brochure — Taylor Com- 
munications Manufacturing Company, Box 126, 
Agincourt, Ontario, Canada. 


WANTED: Lafayette HA46, Bob, K6GEV, 11 Wool, 
San Francisco 94110. 


TELETYPEWRITERS — Kleinschmidt — portable, 
fixed, sets, punches, parts, reconditioned, reason- 
able. Mark/Space Systems, 3563 Conquista, Long 
Beach, Calif. 90808. 213-429-5821. 


CANADA’S MOST UNUSUAL Surplus and Parts 
Catalog. Jam packed with bargains and unusual 
ae Send $1. ETCO-HR, Box 741, Montreal, 
anada. 


HIGH POWER PARTS. Vacuum variable, plate and 
fil. transformers, choke, filter caps. Envelope for 
full information. Earl Eggers, 2105 West 29th, 
Eugene, Oregon 97405. 


TECH MANUALS for govt. surplus gear, only $6.50 
each: TS-497A/URR, TS-34A/AP, R-389/URR, R-220/ 
URR, R-274/FRR, R-390/URR, URM-25D, TS-402/U, 
TS-418/U, SP-600JX-17, CV-591A/URR, OS-8C/U, 
ALR-5, RCK, T1-98/FG, TT-107. Hundreds more 
available. Send 50¢ (coin) for list. W3IHD, 4905 
Roanne Drive, Washington, D. C. 20021. 


WANTED: New or excellent AC power supply for 
National 200 transceiver. Charles Proffer, P. O. Box 
206, Gulfport, Mississippi 39501. 


RESISTORS: Carbon composition brand new. All 
standard values stocked. 1/2W 10% 50/$1.00; 
1/4W 10% 40/$1.00 —_10 resistors per value 
please. Minimum order $5.00. 15W RMS IC Audio 
Amplifier — Panasonic. Frequency response 20Hz- 
100kHz. 1/2% distortion. Price $6.50. Postpaid. 
Pace Electronic Products, Box 161-H, Ontario Cen- 
ter, New York 14520. 


THE FOURTEENTH ANNUAL HAMFEST, sponsored 
by the Southern Tier Amateur Radio Clubs, is 
scheduled for 2:00 p.m., April 14, 1973, at St. 
John’s. Ukranian Hall, Johnson City, New York. 
Admission to lectures and flea market is free; 
awards and excellent dinner held to $5.00. For 
tickets or further information, write STARC, P. O. 
Box 11, Endicott, N. Y. 13760. Advance ticket sales 
only by April 11, 1973. 


WANTED: Magnetics specialist or college professor 
thoroughly familiar with conventional magnetic 
theory to assist the editor in evaluating a new con- 
cept in explaining magnetism. Write to Jim Fisk, 
WIDTY, editor, Ham Radio Magazine, Greenville, 
N. H. 03048. 


THE GREATER BALTIMORE HAMBOREE will be 
held at Calvert Hall College, Putty Hill and Goucher 
Boulevard, Towson, Maryland (one mile south of 
Exit 28 of Beltway-Interstate 695), on Sunday, 
April 8, 1973 at 10 a.m. Food service, Flea market, 
prizes. Registration: $2.00. No table or percentage 
charges. Info.: Joe Lochte, 5400 Roland Avenue, 
Baltimore, Maryland 21210. 


STELMAN #TA-1 TELEPHONE ADAPTER, $125. 
Heavy duty equipment slides $15 ea. Components, 
equipment, etc. Inquiries invited, catalog available. 
B. F. Williams Co., P. O. #7057, Norfolk, Va. 23509. 


HIGH-PERFORMANCE H.F. frequency synthesizer re- 
Bes VFO and delivers clean r.f. output with cali- 
ration accuracy, stability, and resolution 100 times 
better than the best amateur rigs of today. Write 
for full information. Petit Logic Systems, Box 51s 
Oak Harbor, Washington 98277. 


More Details? CHECK—OFF Page 110 
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Ropes Cumulative Index at $1.00 
Super Package-5 Binders plus Index | 


A $23.50 value only $18.50 
(SAVE $5.00) | 
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MODEL10 « KEYER 
MODEL 11 ¢ PADDLE 


No bulky batteries or awkward power cords 
with the Model 10 Keyer. Internal penlight 
cells and reed relay output produce a com- 
pact, portable, and versatile unit. Also availa- 
ble as a circuit board kit without case for 
custom installation. 


MODEL 20 
DIGITAL DIAL 


Tune your fixed or mobile transmitter, re- 
ceiver, or transceiver with 100 Hz accuracy 
and no last digit jitter. The Model 20 Digital 
Dial connects to rigs with 5-5.5 Mhz VFO's 
with a single wire. It can also be used as a 
general purpose frequency counter. 


MODEL 31 
MONITORSCOPE 


Monitor RF output, read power output to 1500 
watts, measure SWR to 3:1, and observe 
RTTY and trapezoid patterns all in a single 
instrument! The Model 31 also includes an 
RF actuated CW monitor, two-tone generator, 
and AC and DC vertical and horizontal inputs 


Sidetone Assembled ... 
Paddle Assembled 


Crystal Time Base 


Assembled and Tested 


for general purpose use. 


Matching accessories coming soon. 


Assembled and Tested $169.95 


SEE YOUR DEALER 


OR ORDER DIRECT. PRICES F.O.B. SENECA, PA. 


RD 1, PHONE LANE, BOX 185A . FRANKLIN, PA. 16323 . 814-432-3647 


PRE-AMP 


S 
HIGH GAIN - LOW NOISE 


35dB power gain, 2.5-3.0 dB N.F. at 150 MHz, 
2 stage, R.F. protected, dual-gate MOSFETS. 
Manual gain control and provision for AGC. 
43%" x 17%" x 1%// aluminum case with power 
switch and choice of BNC or RCA phono con- 
nectors (be sure to specify). Available factory 
tuned to the frequency of your choice from 5 
MHz to 350 MHz with approximately 3% band- 
width. Up to 10% B.W. available on special 
order. 
N. Y. State residents add sales tax. 
Model 201 price: 5-200 MHz $24.95 
201-350 MHz $28.95 


Ssuarci 


WVenT2 
196-23 JAMAICA AVE. 
Labs e703 
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Many thousands of you have be- 
come very familiar with the vari- 
ous Radio Society of Great Britain 
books and handbooks, but very 
few of you are familiar with their 
excellent magazine, Radio Com- 
munication. 


It includes numerous technical 
and construction articles in addi- 
tion to a complete rundown on 
the month’s events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

We can now offer this fine maga- 
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out- 
going QSL Bureau) for $9.95 a 
year. 


CoomM/ses 


Greenville, New Hampshire 03048 


More Details? CHECK—OFF Page 110 


USED MYLAR TAPES — 1800 foot. Ten for $8.50 


postpaid. Fremerman, 4041 Central, Kansas City, 
Mo. 64111. 


FOR SALE: SCR-522 transmitter and receiver. 
new, never modified or cannibalized. In storage 
since the fate 1940s. Easily converted to six or 
two meters. This may be your last chance to buy 
a practically new, pristine BC-624 receiver and 
BC-615 transmitter. Complete conversion instruc- 
tions will be furnished to buyer, on request. $40.00, 
including shipping. Jim Fisk, WIDTY, Ham Radio, 
Greenville, NH 03048. 


Like 


CERAMIC FEEDTHRU CAPACITORS, 1000 pf., sol- 
der-in type, 10 @ $1.00. 1500 pf. ceramic feed- 
thrus, bulkhead mount, 5 @ $1.00. Ferrite Beads, 
10 @ $1.00. %/ ceramic coil forms, without slug, 
10 @ $1.00. 7-120 pf. square ceramic mica _trim- 
mer capacitors, 10 @ $1.00. Postpaid. SASE for 


list. CPO Surplus, Box 189, Braintree, Massa- 
chusetts 02184. 
HIGH GAIN microphone preamplifier kit. Easy as- 


sembly. Club and dealer discounts. S.A.S.E. for 
specifications. Superb VOX kit under development. 
USAT, P. O. Box 3051, Trenton, New Jersey 08619. 


YAESU FTDX-560 transceiver, $400. Heath SB-220 
2KW amplifier, $320. Heath IM-102 digital VOM, 
150. New TR-44 rotor, $50. Hal keyboard keyer, 
75. Drake MN-4 matchbox, $50. K4KY, 3853 Garden 
Terrace, Owensboro, Ky. 42301. (502) 683-9871. 


TONE AND LOGIC circuit board layouts for WWV, 
RTTY, SSTV projects, systems. Two PCB samples, 
schematics, $3.00. Hornung, Box 24614, San Jose, 
California 95154. 


VIDEO ADAPTER converts oscilloscope into flexible 
1024 letter RTTY readout for under $400. Write 
for full information. Petit Logic Systems, Box 51, 
Oak Harbor, WA. 98277. 


NEWS: Free sample copy of 


“Worldradio’’, Ama- 
teur Radio’s Newspaper. 2509-C Donner Way, 
Sacramento, Calif. 95818. 


GIVE ME FIVE MINUTES OF YOUR TIME: And I'll 
show you how to crack the computer code on 
those utility and charge card bills. Rush name, 
address and $1.95 to Data Guide, P. O. Box 1205, 
Garland, Texas. 75040. 


FOR SALE: HW100 w. AC/DC supplies $225. West 
German 500W two-meter linear 4CX250B_ (new) 
$350. Same for 432 MHz $375. Andrews 4/ dish 
$25. Semco transistor VFO (48 MHz new) $17.50. 


Hemco two-meter TX module (6330, new) $25. 
Ingwersen, 352 Stillwater Ave., Spring Hill, Fla. 
33512, (904) 683-2389. 

RTTY SPEED CONVERTER. A drilled 4” x 614" 


PCB and all components except input output jacks, 
power supply and chassis. See Dec. '71 and Oct. 
'72 issue of Ham Radio. $40.00 postpaid. PCB only 
$6.00. P & M Electronics, Inc., 519 South Austin, 
Seattle, Washington 98108. 


EVANSVILLE, INDIANA TARS HAMFEST, Sunday 
May 6, 1973. 4-H grounds, Hwy 41, north 3 miles. 
Auction. overnight camping, ladies bingo, reserved 
flea market booths, air conditioned. Advanced reg- 
istration. For flyer contact Robby, W9MKZ, 502 S. 
Lincoln Park Drive, Evansville, Indiana 47714. 


QSL’S — BROWNIE W3CJI — 3111B Lehigh, Allen- 
town, Pa. 18103. Samples 10¢. Cut catalogue 25¢. 


RID-O-RAY, America’s best known electric bug kill- 
er. Safe, dependable design provides years of 
trouble free performance. S-15 for 14 acre $89.95. 
Model D-15 for 34 acre $109.95. Shipping paid 
East of Mississippi. West add $5.00. 10% discount 
thru April 30th. Comtec, 140 Main St., Greenville, 
N. H. 03048. 


YOUR AD belongs here too. Commercial ads 25¢ 
per word. Non-commercial ads 10¢ per word. 
Commercial advertisers write for special discounts 
for standing ads not changed each month. 
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The Satisfiers . ip 


1€20 12 ch./10 watts 
$289.50 - 5 ch. supplied 


1C21 24 ch./10 w. 
AC & DC $389.00 
7 ch. spld base mobile 


Inoue FM ... The difference is in the Performance 


Enjoy the difference in a You'll be able to forget 
really hot receiver that means about intermod and cross 
results with the INOUE MOS/ channel _ interference with 


FET front end 
BETTER than 
sensitivity. 


INOQUE’S unique combination 
of 5 helical resonators coup- 
led with 2 I.F. filters. 


Uniquely Inoue . . . Features that mean satisfaction to you 


e VERSATILITY — Pick your power out with the High/Low 
power option, variable on the low position from .1 to 10 
watts. 


e RUGGED DEPENDABILITY — with exclusive modular con- 
struction. You can put your INOUE rig through rugged 
mobile-portable use, and count on it to keep on working. 
INOUE’S exclusive plug-in metal module construction frees 
you of the worry and frustrations of fragile single board 
construction. 


e ON-FREQUENCY ASSURANCE — You can be sure you 
are on frequency with trimmer caps on both RX & TX for 
all channels, plus a built-in discriminator meter on 
the IC-21. 

e UNIQUE WARRANTY & SERVICING — You'll keep your 
down time & service costs to a bare minimum with our 
90 day warranty & module exchange program. 


GET ON 2 FM NOW... AND DO IT RIGHT THE FIRST 
TIME . . . JOIN THE INOUE TEAM AND GET THE SATIS- 
FACTION YOU DESERVE FROM YOUR GEAR. 

Drop us a line for more info. and the name of your nearest 
dealer. Dealers — Get in on the winning INOUE team, drop 
us a line or give us a call. 


ICOM-EAST — a division of ACS 
Box 331, Richardson, Texas 75080 
Phone 214-235-0479 


ICOM-WEST 
1251 170th N.E., Bellevue, Wa. 98008 
Phone 206-641-0554 


AANG/GRR-5 RECEIVER 


1.5 to 18MHz in 4 bands, AM, CW 
JMand MCW, continuous tuning & 10 pre- 
~ set frequency. 200 kHz crystal cali- 
brator, 4/7 P.M. speaker, 12 tubes, 
with power supply for 115v. 50/60 
‘cyc., 6, 12, or 24V. DC — Also dry 
cells 90 & 1.5 VDC. Size: 1344/7 x 
B14" x 121%". Shpg. wt.: 75 Ibs. 
JUSED, repairable $49.50 

CHECKED $59.50 
Power Plug: $2.00 Manual $7.50 
R-392 RECEIVER — 500 kHz to 32 MHz, 32 
bands, 25 tubes, 24/28 VDC. Size 1A" x 14” x VW!) 
70 Ibs. USED, repairable $295 CHECKED: $350 
Manual: $8.50 

All Prices F.0.B., Lima, Ohio — Dept. HR 
SEND FOR OUR BIG NEW CATALOG 


FAIR RADIO SALES 
P.O. Box 1105 - LIMA, OHIO - 45802 


producing 
-4uv/20db 


W6SAI’s RADIO HANDBOOK 
WAS $13.50 


Now Just $7.95 
See Page 83 
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For the most powerful antennas under the sun Pe eae ee = 


Go all the way into 


There’s nothing half-way about the new Hy- 
Gain REPEATER LINE. 


Designed for the man who demands profes- 
sional standards in 2 meter mobile equipment, 
the REPEATER LINE is the 2 meter HAM’s 
dream come true. It’s got everything you need 
for top performance...toughness, efficiency 
and the muscle to gain access to distant re- 
peaters with ease. Reaches morestations, fixed 
or mobile, direct, without a repeater. 


The right antennas for the new FM transceivers 


| 
| | ...or any 2 meter mobile rig. 

| | a Rugged, high riding mobiles. Ready to go 
: 


where you go, take what you dish out...and 
deliver every bit of performance your rig is 
capable of. 


260 


260 Commercial duty 1/4 wave, claw mounted 
roof top whip. Precision tunable to any dis- 
crete frequency 108 thru 470 MHz. 17-7 ph 
stainless steel whip. 


261 261 Same as above. Furnished complete with 
18’ of coax and connector. 


262 Rugged, magnetic mount whip. 108 thru 
470 MHz. Great for temporary or semi-perma- 
nent no-hold installation. Holds secure to 100 
mph. Complete with coax and connector. Base 
matching coil for 52 ohm match. 17-7 ph stain- 
less steel whip. 


106 Gif april 1973 More Details? CHECK—OFF Page 110 


2 meter mobile! with 


UNE from 


263 Special no-hole trunk lip mount. 3 db 
gain. 130 thru 174 MHz. 5/8 wave. Complete 
with 16’ coax. Operates at DC ground. Base 
matching coil for 52 ohm match. 17-7 ph stain- 
less steel whip. 


264 High efficiency, vertically polarized omni- 
directional roof top whip. 3 db gain. Perfect 52 
ohm match provided by base matching coil 
with DC ground. Coax andconnector furnished. 


265 Special magnetic mount. 3 db gain. Per- 
formance equal to permanent mounts. Holds 
at 90 mph plus. 12’ of coax and connector. 
Base matching coil for 52 ohm match. 17-7 ph 
stainless steel whip. DC ground. 


269 Rugged, durable, continuously loaded 
flexible VHF antenna for portables and walkie 
talkies. Completely insulated with special 
vinyl coating. Bends at all angles without 
breaking or cracking finish. Cannot be acci- 
dentally shorted out. Furnished with 5/16-32 
base. Fits Motorola HT; Johnson; RCA Per- 
sonalfone; Federal Sign & Signal; and certain 
KAAR, Aerotron, Comco and Repco units. 


Top performance for 2 meter mobiles 
THE REPEATER LINE 
from 


HY-GAIN ELECTRONICS CORPORATION 


BOX 5407-WD LINCOLN, NEBRASKA 68505 


WRITE FOR DETAILS 


More Details? CHECK—OFF Page 110 
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10’ Oscillator Bias/ 
Latch Trigger 


OSCILLATOR BUFFER BUFFER 


(Omar 


Osc. Fdbk. 


POWER 
SUPPLY MOD. 


REGULATOR/ PREAMP 
LATCH 


5 6 7 3) 8 

Gnd. +Vcc Aux. Mod. Mod. Input/ 
Latch Preamp Bias Set 
Out. Input 


Semiconductor Supermart 


e MOTOROLA e RCA e FAIRCHILD e NATIONAL e HEP e PLESSEY e 


INTEGRATED CIRCUIT 
MICRO TRANSMITTER 


MODULATOR/ 
OUTPUT REGULATOR 


SOMETHING NEW 


RF FOR THE HAM 
Output’ = LITHIC SYSTEM’S 
OUTPUT MICRO- 


3 TRANSMITTER. 
4 A COMPLETE AM 
O TRANSMITTER 


Pos INTEGRATED 
CIRCUIT IN A 
TO-5 CAN 


With just a few ex- 
ternal components 
you can build a mini- 
mitter for 10 or 6 
meters. Works with 
fundamental or over- 
tone xtals. 


Low introductory 
price is only $16.00 


ALSO FROM \ 

LITHIC SYSTEMS CN. 
INTRODUCING \\\ DEVICES AT 
NEW LOW PRICES 


LA3018 (Replaces CA3018) oon $1.60 
LA3046 (Replaces CA3046) oooicccccccccccccccssssseeseeen $1.60 
LS370 (Replaces LM370) 


LS1496 (Improved MC1496) 
LS3028A (Replaces CA3028) oonicecccccccsseseseeeen $1.60 
LP1000 (A new fun-type device to make LED 
flashers, audio osc, timer etc.) 


NEW FAIRCHILD ECL 
HIGH SPEED DIGITAL IC’S 


9258 Dual ‘'D’ FF toggles beyond 160 MHz 
$4.65 


9582 Multi-function gate & amplifier ........ $3.15 
95H90 300 MHz decade counter oo... $16.00 
A 95H90 & 9582 makes an excellent prescaler 
to extend low frequency counters to VHF — or 
use two 9528s for a 160 MHz prescaler. 


MPF102 A) il SO dae cee nen te Mier en rte a ea 
MPF105/2N5459 JFET occ 


MPF107/2N5486 JFET VHF/UHF 


MPF121 Low-cost dual gate VHF RF ............ .85 
MFE3007 Dual-gate 

40673 Dual-gate 

3N140 Dual-gate .... 

3N141 Dual-gate 
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Ferrite Beads 1 doz. oieccecccecccccccccscsecssueeesueseenes $1.00 


POPULAR IC’s 


MC1550 Motorola RF amp occ $1.80 
CA3020 RCA Ya W audio cicccccenecseseeenene $3.07 
CA3020A RCA: Ll audio” 2... xicse eee $3.92 
CA3028A RCA RF amp ... $1.77 
CA3001 RCA (SS $6.66 
MC1306P Motorola 4% W audio ........... .. $1.10 
MC1350P- High gain RF amp/IF amp ......... $1.15 
MC1357P FM IF amp Quadrature det ..... $2.25 
MC1496 Hard to find Bal. Mod. . of 
MFC9020 Motorola 2-Watt audio 

MFC4010 Multi-purpose wide band amp $1.25 
MFC8040 LOW NOISE PFEAMP occ: 
MC1303P Dual Stereo preaMp once 
MC1304P FM multiplexer stereo demod $4.95 


CORES AND BEADS 
T2022 ii cllsitsinrnitionninnlyln et ee i $2.00 


KW Balun kit only . 
T68-2 3 cores ....... 

T50-2 3 cores ..... 
T50-6 3 cores .... 
T50-10 3 cores kis 
744-103 \coreS 2.6... 20422. eee eee $1.00 


BEAD SPECIAL 


Please add 35¢ for shipping 


Circuit Specialists 


Box 3047H, Scottsdale, AZ 85257 


FACTORY AUTHORIZED DISTRIBUTOR FOR 
MOTOROLA HEP — CIRCUIT-STICK — PLESSEY 
ALL DEVICES ARE FIRST QUALITY AND ARE 
FULLY GUARANTEED. 


More Details? CHECK—OFF Page 110 


¥% E-Z Match Tuner 
x SWR Meter 

* Power Meter 

* Dummy Load 

x Antenna Switch 
* 350 watts PEP 


Clean up the unsightly 
tangle of wires around 
the shack and your wife 
will think it’s beautiful 


Kw K W Electronics 


ey 10 Peru St., Plattsburgh, New York 12901 
eueyae In Canada: ‘4544 Dufferin St. 
Downsview, Ont. M3H 5S1 


WESTERN N. Y. 
HAMFEST and 
VHF CONFERENCE 


MAY 12, 1973 


Monroe County 
Fairgrounds 

Rt. 15A 

Rochester, N. Y. 
(Near Thruway Exit 46) 


@ Huge Flea Market 

® Top Programs 

@ Award Presentations 
® Banquet 

@ Friday Night Cocktails 


WRITE: 

WNY HAMFEST 
BOX 1388 
ROCHESTER, N. Y. 
14603 


More Details? CHECK—OFF Page 110 


NWO: 


SUPERMatch 


a 


$134. 95 


Ppd in USA & Canada 
Money back Guarantee 


Send for FREE Literature 


400% MORE AVERAGE 
SSB POWER OUTPUT 


rena MAGNUM SIX 
THE quaLity R F SPEECH PROCESSOR 


Collins-Heath .....0.-scse+ 
Drake T4X/T4X! 
Drake TR4 
Yaesu FT101.. f 
Kenwood T599, TS-511. cia 95 
Add 5% Tax in Washington 


@ 4 TIMES THE SSB POWER ON ALL BANDS 
@ ADDED PUNCH FOR PILE-UPS 
@ EXCELLENT VOICE QUALITY 
@ SPLATTER FREE, NARROW BAND OUTPUT SIGNAL 
@ SOLID STATE DESIGN 
@ PUT YOUR TRANSMITTER TO WORK FOR THE FIRST TIME 


IN ITS LIFE. POWER UP WITH A MAGNUM SIX FOR MORE 
ADDED POWER PER $ THAN ANY OTHER METHOD! 


Send for FREE Brochure 
Communication Technology Group 
31218 Pacific Highway South 
Federal Way, Washington 98002 


A Division of Bitcil Systems Inc 


april 1973 109 


AdyerTisets 


check-off 


. for literature, in a hurry — 
we ll rush your name to the companies 
whose names you “check-off”’ 


—Amateur-Wholesale 
—Antenna Engineering 

—Antenna King 
—Arizona 

—Babylon 

—B & W 

—Barry 

—Bauman 

—CFP 

—CTG Bitcil 

—Camp Butler 
—Caringella 

—Chronometric 
—Circuit Specialists 

—Command 
—Communications 
Specialists 

—Communications 
World 

—Comtec 

—Curtis 
—Cushcraft 

—Data 

—Dayton 

—Display 
—Dycomm 

—Ehrhorn 
—Eimac 

—E SP 

—Fair 

—Frank 
—Gateway 

—Gray 

—H&L 

—HAL 

—Ham Radio 

—Heath 

—Henry 

—Hobby 
—Hy-Gain 

—Icom 
—International Crystal 

—Jan 


INDEX 


—Janel 
—Johnston 
Tee ea es 


—Palomar 
—Peter Meacham 
—Poly Paks 
—RP 
—Racom 
—Callbook 
—Raytheon 
—Rochester 
—Sams 
—Saroc 
—Savoy 
—Signal Systems 
—Solid State 
—Space-Military 
—Spacetrom 
—Spectronics, FM 
—Spectrum International 
—Star-Tronics 
—Standard 
—Stoner-Goral 
—Structural Glass 
—Swan 
—tTobel 
—VHF Engineering 
—Vanguard 
TWoereore 
—World QSL 

&C 


Limit 15 inquiries per request. 


April 1973 


Please use before May 31, 1973 


Tear off and mail to 


HAM RADIO MAGAZINE — “check off’ 


Greenville, N. H. 03048 
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World “Osi. Bureau . 
Y & C Electronics 


BONUS 


THE BEST ANTENNA 
PACKAGES YET! 


OPTIMUM PERFORMANCE 
GUARANTEED SAVINGS 


< eS e 
ri-Ex. 
TOWER CORP. 


ALL NEW, engineered for 
optimum performance with 
TRI-EX’s Certified’ Antenna 
Towers & HY-GAIN’s TOP 
Performance Antennas. The 
utmost in craftsmanship and 
construction for your 
satisfaction. ... 


Local Bank Financing - 15% 
Down or Trade-In Down - 
Good Reconditioned Equip- 
ment. Nearly all makes and 
models. Our reconditioned 
equipment carries a 30 day 
warranty and may be traded 
back within 90 days for full 
credit toward the purchase 
of NEW equipment. In- 
quiries invited. 


*Certified Welders & 
Approved by L.A. City 


wW51 SHOWN 


LAE MW35 “STANDARD” Package 
(Free Standing Crank-Up Tower 

9.5 Sq. Ft. - 50 MPH) (35 Ft.) 
CDR AR-22R Rotator” 

100 ft. RG-58A/U Coax 

100 ft. 4 Cond. rotor cable 
Complete with one of the following 
antennas: 


HY-GAIN TH2MK3 $290 
HY-GAIN TH3JR $290 
HY-GAIN DB10-15A $299 
HY-GAIN HY QUAD $329 
HY-GAIN TH3MK3 $339 
*TR-44 rotor w/cable add: $ 35 


HAM-M rotor w/cable add: $ 65 
LAE W51 “DELUXE” 51 Ft. Package 
(Free Standing, 9 Sq. Ft. - 50 MPH) 
CDR TR-44 rotor” 

100 ft. RG58A/U coax cable 

100 ft. control cable 

Complete with one of the following 
antennas: 


HY-GAIN DB 10-15A $620 
HY-GAIN HY QUAD $650 
HY-GAIN 204BA $660 
HY-GAIN TH3MK3 $655 
HY-GAIN TH6DXX $675 


Free stdg. base incld. NO/CHARGE 
*HAM-M rotor w/RG8/U add: $ 60 
LAE LM354 “SUPER” 54 Ft. Package 
(16 Sq. Ft. - 60 MPH) 

CDR HAM-M Rotor 

100 ft. RG8/U coax cable 

100 ft. control cable 

Complete with one of the following 
antennas: 


HY-GAIN TH3MK3 $835 
HY-GAIN 204BA $839 
HY-GAIN TH6DXX $860 


Freight PREPAID to your door in the 
Continental USA west of the Rockies. 
For shipment east of the Rockies, add 
$15.00. Substitutions may be made. . . 
write for prices. 


"WEST COAST’S FASTEST GROWING AMATEUR RADIO DISTRIBUTOR” 
& “WE SELL ONLY THE BEST” 


Electronix Sales 


EO SE Sa Er ea a 
23044 S. CRENSHAW BLVD., TORRANCE, CALIF. 90505 
Phone: (213) 534-4402 
HOME of LA AMATEUR RADIO SALES 


More Details? CHECK—OFF Page 110 
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for the EXPERIMENTER! 


INTERNATIONAL EX CRYSTAL & EX KITS 


OSCILLATOR + RF MIXER « RF AMPLIFIER - POWER AMPLIFIER 


2. SAX-1 TRANSISTOR 
RF AMP 


A small signal amplifier to drive 
MXX-1 mixer. Single tuned input 
and link output. Lo Kit 3 to 20 lator. Outputs up to 200 mw, 
MHz, Hi Kit 20 to 170 MHz depending on the frequency and 
(Specify when ordering) ........ ‘ voltage. Amplifier can be ampli- 
tude modulated. Frequency 3,000 
to 30,000: KHZ... oe $3.75 


3. PAX-1 TRANSISTOR 
RF POWER AMP 


A single tuned output amplifier 
designed to follow the OX oscil- 


1. MXX-1 TRANSISTOR 
RF MIXER 


A single tuned circuit intended for 
signal conversion in the 3 to 170 
MHz range. Harmonics of the OX 
oscillator are used for injection in 
the 60 to 170 MHz range. Lo Kit 3 
to 20 MHz, Hi Kit 20 to 170 MHz 
(Specify when ordering) ........ $3.50 


6. TYPE EX CRYSTAL 
Available from 3,000 to 60,000 KHz. 
Supplied only in HC 6/U holder. 
Calibration is + .02% when oper- 
ated in International OX circuit 
or its equivalent. (Specify 
frequency) ........22 eee 


5. OX OSCILLATOR 
Crystal controlled transistor type. 
Lo Kit 3,000 to 19,999 KHz, Hi Kit 
20,000 to 60,000 KHz. (Specify 
when ordering)... seers $2.95 


4. BAX-1 BROADBAND 
AMP 


General purpose unit which may 
be used as a tuned or untuned 
amplifier in RF and audio appli- 
cations 20 Hz to 150 MHz. Pro- 
vides 6 to 30 db gain. Ideal for 
SWL. Experimenter or 

Amateur wc. eee ee 


for the COMMERCIAL user... 


INTERNATIONAL 
PRECISION RADIO CRYSTALS 


write for 
CATALOG 


International Crystals are available from 70 KHz 
to 160 MHz in a wide variety of holders. 
Crystals for use in military equipment can be 
supplied to meet specifications MIL-C-3098E. 


INTERNATI ONAL 


CRYSTAL MFG. CO., INC. 
10 NO. LEE @ OKLA. CITY, OKLA. 73102 


CRYSTAL| (GP) for ‘‘General Purpose’’ 
TYPES: applications 
(CS) for ‘‘Commercial Standard”’ 
(HA) for ‘“‘High Accuracy’’ close tem- 
perature tolerance requirements. 
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From the World's 
Number One Manufacturer 
Of Amplifiers 


The biggest, broadest, finest line of amateur 
power amplifiers 


2K-ULTRA 


2K-4... THE “WORKHORSE” 


The 2K-4 linear amplifier offers engineering, construction 
and features second to none, and at a price that makes it 
the best amplifier value ever offered to the amateur. 
Constructed with a ruggedness guaranteed to provide a 
long life of reliable service, its heavy duty components 
allow it to loaf along even at full legal power. If you want 
to put that strong clear signal on the air that you've pro- 
bably heard from other 2K users, now is the time. Move 
up to the 2K-4. Floor console or desk model . . . $845.00 


2K-ULTRA... THE “ULTIMATE” 


There has never been an amateur linear amplifier like 
the new 2K-ULTRA. Small and lightweight, yet rugged 
and reliable...all that the name implies. The ULTRA 
loafs along at full legal power without even the sound of 
a blower. Its anode heat is silently and efficiently con- 
ducted to a heat sink through the use of a pair of Eimac 
8873 tubes. In fact, all of its components are the very 
best obtainable. The price... $845.00 


TEMPO/2001 


Small but powerful, reliable but inexpensive, this ampli- 
fier is another top value from Henry Radio. Using two 
8874 grounded grid triodes from Eimac, the Tempo 2001 
offers a full kilgwatt of power for SSB operation in an 
unbelievably compact package (total volume is .8 cu. ft.). 
The 2001 has a built-in solid state power supply, a built-in 
antenna relay, and built-in quality to match much more 
expensive amplifiers. This equipment is totally compatible 
with the Tempo One as well as most other amateur trans- 
ceivers. Completely wired and ready for operation, the 
2001 includes an internal blower, a relative RF power in- 


dicator, and full amateur band coverage from 80-10 
meters. $545.00 
TEMPO/6N2 


The Tempo 6N2 combines most of the fine features of 
the 2001 for 6 and 2 meter amateur operation. The am- 
plifier uses the same small cabinet, the same modern 
tubes, the same inherent quality for 2000 watts PEP 
input on SSB or 1000 watts input on FM or CW. The rig 
is completely wired in one small package with an internal 
solid-state power supply, built-in blower, and RF relative 
pawer indicator. $595.00 


3K-A COMMERCIAL/MILITARY AMPLIFIER 


A high quality linear amplifier designed for commercial 
and military uses. The 3K-A employs two rugged Eimac 
3-500Z grounded grid triodes for superior linearity and 
provides a conservative three kilowatts PEP input on 
SSB with efficiencies in the range of 60%. This results 
in PEP output in excess of 2000 watts. In addition, the 
3K-A provides a heavy duty power supply capable of 
furnishing 2000 watts of continuous duty input for either 
RTTY or CW with 1200 watts output. Price... $1080.00 


Prices subject to change without notice 


11240 W. Olympic Blvd., Los Angeles, Calif. 90064 213/477-6701 


931 N. Euclid, Anaheim, Calif. 92801 
Butler, Missouri 64730 


714/772-9200 
816/679-3127 


HEMY Raulg 


“World's Largest Distributor of Amateur Radio Equipment” 


This 
is the worlds 


most powerful 
shortwave 
transmitter. 


This compact, 
single tube amplifier, 
located in the EIMAC 
facility, develops over 
1300 kilowatts of 100% 
modulated carrier. It is quickly and easily 
tunable over the range of 15 to 30 MHz. 
Drive power at the grid of the tube is less 
than 5 kilowatts. 

Using a single EIMAC X-2159 su- 
per-power tetrode in a Continental Elec- 
tronics transmission line-cavity configu- 
ration, this amplifier combines high 
power gain with excellent operating sta- 
bility and complete freedom from circuit 
parasitics. 

A single amplifier stage using two 
EIMAC X-2159 tubes is capable of over 
2.5 megawatts of 100% modulated 


carrier. Two am- 
plifiers combined 
would make a 5 
megawatt trans- 
mitter a practical reality. 
The EIMAC X-2159 super-power 
tetrode is designed for MF and HF 
broadcast service, VLF communications, 
SSB linear service and extremely high 
power pulse modulator applications. 
The X-2159 is another example of 
tomorrow's tube that’s ready today at 
EIMAC. For complete information, con- 
tact EIMAC Division of Varian, 301 In- 
dustrial Way, San Carlos, California 
94070. Or any of the more than 30 
Varian/EIMAC Electron Tube and De- 
vice Group Sales Offices throughout the 
world. 


division 
varian 


